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PEEFACE. 



The present volume is the first of a series which will 
comprise — Draining and Embanking, Irrigation and 
Water Supply, Beads and Fences, Farm Buildings, 
Field Implements and Machinery, Bam Implements 
and Machinery, and Agricultural Surveying. 

The existing literature on these subjects is by no 
means sparse, but there is no work of recent date which 
deals with them in a complete or connected form; 
while the old text-books on such matters, however good 
they may have been in their day, are now rendered more 
or less obsolete and untrustworthy, by reason of the 
great advances which have been made in agricultural 
science and mechanics within the last few years. 

To bring forward all recent information and improve- 
ments in connection with the subjects treated of, and to 
preserve all that is good and practicable, while avoiding 
what is obsolete or misleading, in the older text-books, 
will give ample scope and fitting material for the work 
here begun. 

In regard to Land-drainage, which forms the main 
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topic of the present volume, it is abundantly clear, from 
the effects of a few wet years, that not only is there 
great need of its extension, but that serious deficiencies 
exist in much of the drainage already done, and that 
in the majority of cases the improvement is less durable 
than it has been common to suppose. 

There is very little land that is not in need of drain- 
ing. For the object of drainage is not merely to dry 
land, and to carry off the surplus water, but also to let 
water into the soil, to enrich the soil by taking advan- 
tage of the fertilising rain, to counteract drought, and 
to create a healthy renovation of both air and water, 
from the surface downwards to the drain level. 

The failure of drainage, in certain instances, to lay 
wet land sufficiently dry for cultivation or stock-raising, 
is found to be attributable to such causes as errors in 
principle, rule-of-thumb work, and neglect to cultivate 
deeply after draining ; and a revision of the practice of 
land-drainage is the natural outcome of the experience 
thus recently gained. 

The once much controverted question of deep or 
shallow drains has in effect settled itself, and in favour 
of no particular theory. Experience has taught those 
interested in the problem, that in order to drain success- 
fully, the depth of the drains must be regulated by the 
width or distance between them ; and that again by the 
nature of the soil and subsoil ; while the cost of the 
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improvement puts a practical limit to both the depth 
and frequency of the drains. 

Another change in the practice of draining is the 
employment of larger-sized drain-pipes than it has 
hitherto been customary to use. 

The increased cost of labour is forcing attention to the 
economy of moving the least possible quantity of earth 
in cutting the drains^ and of superseding hand cutting 
by machine draining as far as practicable. 

Embanking is treated of in the same yolume, from 
its being a necessary preliminary to the drainage of 
tidal lands. 
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CHAPTER I. 

EEASONS FOE DBAINING LAND. 

Land-drainage, by which we signify the art of remov- 
5 ing the excess of water from the soil, appears to have 
been practised, in one form or another, nearly as long 
as agriculture itself. Open channels would first natu- 
rally suggest themselves as the easiest means of reliev- 
ing the soil of superabundant moisture. But as land 
increased in value, and the number of trenches had to 
be multiplied, it would soon be felt that by covering 
over those open channels they would still perform 
their office, and yet leave the space occupied by them 
available for tillage and cropping. There are other 
reasons, as the sequel will show, why under-draining 
is preferable to open or surface draining. 

Objects of Draining. — The primary objects of under- 
draining tmdoubtedly are — to carry off stagnant water ; 
to give a ready escape to the excess of what falls in rain ; 
and to arrest the ascent of water from beneath, whether 
by springs or by capillary action ; so as to render the land 
sufficiently dry for cultivation, and at the same time 
regulate the supply of moisture to the growing plants. 

B 



Z DRAINING AND EMBANKING. 

But the purpose of under-draining is not merely to 
let water out of the soil. We drain to let water into 
the soil, as much as to take it out — not merely to carry 
off the surplus water, but to make the fertilising rain 
filter through the soil. "No farmer worthy of the 
name," says an authority, "would wish to conduct 
rain-water off his land by surface grips, or have 
recourse to under-draining simply to tap the soaking 
subterranean springs/* 

Effects of Drainage, — " When there is an excess of 
water in a soil, and no provision exists for withdrawing 
it, the interstitial canals become completely filled, to the 
exclusion of the necessary amount of air, on which the 
activity of the soil considered as a laboratory for the 
production of plant food depends. 

*^When the soil is under-drained, the superfluous 
water flows off through the air canals, and only so much 
moisture is retained as can be absorbed by the minuter 
pores of the soil ; and as there is, then, free communica- 
tion, through the canals, between the pores and the 
drains, it is evident that the water will all be with- 
drawn from the soil except that which is held by 
capillary attraction. Thus the rain which falls upon, 
and is absorbed by, the surface ground, percolates 
towards the drainage level, flushing every crevice and 
canal in its descent, leaving behind it the nutritive 
ingredients which it carries in suspension or in solution, 
and on which the plants can feed as it passes by their 
roots, or which the soil, acting as a filter, extracts and 
appropriates.*' 

According to Way, the total quantity of nitrogen, in 
the form of ammonia and nitric acid, brought down by 
rain and snow upon an acre of land in the year, was 
found to be 6-63 lbs. in 1855, and 8-31 lbs. in 1856. 
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Under-draining not only allows the rainfall loaded 
with this fertility to pass through the soil and be 
discharged from underneath, after depositing its fer- 
tilising material, instead of flooding the surface and 
removing from the upper soil many substances useful to 
vegetation ; but the rain-water in sinking down through 
the soil oxidises and washes out of it anything that 
may be hurtful to the roots of plants ; and the solvent 
action of the rain-water is, at the same time, brought 
to bear upon the inert constituents of the soil and of 
the manures with which it is brought into contact. 
The latter is not the least benefit of draining, for on 
wet land the best manures are almost thrown away. 

"This constant descent of water through the soil causes 
a similar descent of air through its pores, from the sur- 
face to the depth of the drain. When the rain falls 
it enters the soil, and more or less completely displaces 
the air which is contained within its pores. Thus air 
either descends to the drains, or rises into the atmo- 
sphere. When the rain ceases, the water as it sinks 
again leaves the pores of the upper soil open, and fresh 
air consequently follows. Thus, where under-drains 
exist, not only does every shower deposit its fertilising 
ammonia, but it serves to force the fresh air through 
the pores, which produces conditions so healthful to 
vegetation.'* 

Under-draining deepens the soil by lowering the line 
of excessive water beyond injury to the roots. It 
afifbrds to plants a deeper soil for their roots to pene- 
trate, at the rate of 100 tons per acre for every inch of 
depth gained. It prepares the way for deep tillage and 
steam cultivation. It improves the texture of the soil 
by making it more porous, drier, looser, and more 
friable; and it thus not only gives greater ease in 

b2 
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tillage operations^ but admits of the land being worked 
sooner after a fall of rain. The difference in labour be- 
tween ploughing drained and undrained land is very 
considerable^ and at the lowest estimate cannot be put 
at less than one shilling per acre for each ploughing. 

Thorough drainage not only relieves a soil of excess 
of water^ but, strange as it at first appears, it greatly 
mitigates the effects of dry weather. When soil is 
drenched with water and dried by evaporation, it 
becomes hard, especially if it be of a clayey nature. 
Land that is dried by drainage is absorbent and reten- 
tive of moisture dropped by dews and acquired from 
the atmosphere ; while the soil deepened by drainage 
permits growing crops to put forth longer roots, and 
thus become secured against drought. 

By drainage, the temperature of the soil is raised in 
summer as much as 3°, which is in effect to transport 
the land 150 miles southwards. The soil is thus enabled 
to grow a greater variety of crops than it would do in 
its undrained state. Less seed is required in sowing, 
because fewer seeds perish than when they are put into 
a saturated soil where the temperature is lower, and 
from which the air necessary to germination is excluded. 
It prevents in a great measure grass and winter grains 
being killed or thrown out by frost. An earlier seed- 
time and harvest are also accompaniments of drained 
land ; the season being hastened in the spring by the 
land drying sooner, and enabling the cultivator to get 
on his land earlier by several days, a start which is 
maintained by the crop all through the summer. A 
week at seed-time or harvest often makes all the 
difference between the success or failure of a crop. 

" In all cases the end desired is the nearest possible 
approach to the natural examples of the best soils resting 
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on pervious subsoils, where the rainfall finds a gradual 
passage through the soil and subsoil, sinking always 
where it falls, carrying generaUy the wanner tempera- 
ture of the air into the land — carrying also many an 
element of plant food, which the air contains, directly 
to the roots of plants— carrying, too, the air itself, the 
great oxidiser, amidst the matters, organic and inorganic, 
which require its ^influence for their conversion into 
available plant food, proving, by its action as a solvent, 
and its passage over the immense inner superficies of the 
soil, an active caterer for the stationary roots. At the 
same time it is hindered from doing the mischief which 
on imdrained land the rainfall cannot fail of doing. 
The manure particles of the soil, if they do to some 
extent escape through drainage, are at any rate, not 
washed wholesale from the surface into the furrows, 
ditches which, in the case of undrained land, receive 
them without the subsoil having had a chance of 
retaining them." * 

One of the benefits of under-draining is that, besides 
letting ofE water which would stagnate in the operation, 
the finer parts of the soil are washed in instead of out, 
while the water which is discharged extracts a com- 
paratively small portion of the soil. At the same time 
there may be some loss of soluble nitrogen occasioned by 
drainage. 

Loss of Nitrates by Drainage. — On comparing the 
composition of the manure applied to land at Botham- 
stead with the composition of the crops that were carted 
off, it was found that from one-half to two-thirds, and 
more at times, of the supplied nitrogen was missing. 
Analysis of the soil failed to account for the missing 
nitrogen. A considerable part of it was, indeed, found 

* "SoU of the Farm." 
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to be actually present in the soil, but it appeared to be 
in some state of combination unsuitable for the plants' 
use, as it had scarcely any effect on the crops. A still 
larger portion of the nitrogen was, however, not to be 
found in the soil ; but analysis of the drainage water 
gave so large a content of nitrates, as to lead on to the 
discovery that the loss of nitrogen chiefly takes place 
through the drains. Knowing that ammonia is readily 
absorbed and firmly held by most soils, it had never 
been anticipated that so great a loss might occur by 
drainage. These investigations, however, clearly 
showed that ammonia, when applied to the soil, is 
quickly converted into nitric acid, and in heavy rains 
is easily washed out. This is particularly the case with 
ammonium salts and nitrate of sodium ; but it is true 
of all nitrogenous matters or manures within the soil ; 
they are readily convertible, under certain conditions, 
into the soluble form, which renders them specially 
liable to waste. 

Sir J. B. Lawes has calculated that if the drainage 
water contains only one part of nitrogen in 100,000, 
there will be a loss of nitrogen equal to about 23 lbs. of 
guano for every inch of rain that makes its escape 
through the drains. This loss is greatest during 
winter and autumn, when there is little evaporation 
from the soil and no consumption of water by a grow- 
ing crop. The best safeguard against such loss is in 
the absorbent power of the soil itself; but means may 
be adopted for diminishing the loss by a system of 
winter cropping. The growing crop not only absorbs 
and throws off into the atmosphere a portion of the 
rainfall, thus lessening the drainage, but it arrests 
the vagrant nitrogen, and stores it up in its roots, 
to be made use of by itself or by another crop the 
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following spring ; and if the crop grown be a deep* 
rooted one, the advantage will be all the greater, as 
it will then bring nitrogen from the subsoil to the 
surface. 

Alleged Over-draining, — The opinion is often expressed, 
even by practical men, that it is possible to lay land 
too dry by means of underground drains; and 
numerous examples of grass lands so injured have been 
cited. The effect of drainage upon grass lands is of 
course to bring about a change in the herbage, the 
water grasses and sedges common to wet land giving 
place to the grasses proper to dry land ; but it wiU 
generally be found that, where any diminution in the 
produce of the land has followed drainage, it is only 
of a temporary character, and has probably resulted 
from a period of drought occurring during the change 
of herbage, just after the water grasses had died out 
and before the grasses proper to dry land have had time 
to establish themselves. If rain fell throughout this 
period of change the result would show to the 
advantage of drainage, just as it invariably does on 
grass lands which have been drained for any length of 
time, and on arable lands. The idea that land can be 
made too dry by any number of drains need not be 
entertained. That it is possible to make the depth of 
the drains beyond the capillary powers of the soil is 
true enough ; but beyond this it is impossible to over- 
drain land. " The extent to which a soil can be made 
dry is dependent not merely on the drainage, but also 
to a very great extent upon its power of retaining water, 
in regard to which different soils vary within very wide 
limits. In order to illustrate this point, let us suppose 
a very fine sieve to be filled with a dry soil, and water 
to be poured upon it. The water of course will trickle 
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through the 8oil, and the greater part escape by the 
meshes of the sieve ; but a certam qnantitj, dependent 
on the textare of the soil^ will always be retained within 
its pores by capillary attraction. The former will 
represent that portion of water which flows off by the 
drains, while the latter will never enter them at all, 
and can only be got rid of by evaporation/' 

Need of Drainage. — ^There is very little land that is 
not too wet in rainy weather, and too dry in droughts ; 
and drainage, as already explained, is a remedy against 
the last-mentioned evil as well as against the first. 
Notwithstanding all the drainage work of bygone years, 
the undrained wet land in Great Britain is probably 
not less than 25,000,000 acres. And it is too true that 
much of the drainage already done has been broken up 
by the abnormally wet seasons which have recently 
prevailed. 

" It is lamentable," says the Fteld, " to note the effect 
of wet seasons ou the permanency of drains, and this is 
especially true of those localities where the surface is 
flat, and where the land is affected by backwater, owing 
to floods. We have the misfortune to be intimately 
acquainted with such a district, where the land is above 
flood level, but where the drainage is often blocked for 
days, and sometimes weeks. The result is gradual 
blocking of the pipes from sediment. It is easy to 
understand how this occurs. The water backs up the 
drain and rises in the soil, which, having been dis- 
turbed in the making of the drains, is even more liable 
to be carried down with the retreating waters than the 
undisturbed land. Well, the flood ebbs often rapidly, 
the water sinks into the drain, and carries with it fine 
material, which is deposited. Varying according to the 
fineness of the soil, this process of blocking is a certain 
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result of backwater ; and we have known drains that 
were most carefallj laid rendered useless in a few years 
from this cause alone. It usually happens that the soil 
in flat districts is more or less deriyed from drift 
matericds, and the particles of such soil are often so fine 
that they wiU penetrate through the joints of the pipes, 
however carefully laid, and despite all precautions that 
can be taken. One of the lessons of recent years most 
absolutely demonstrated is the temporary nature of 
drainage works, quite upsetting all our calculations. 
There are of course special cases, and great differences 
as to the limit of durability. Thus, we know of drains 
in peaty soils which require dragging out, as it is called, 
every three or four years, in order to remove a deposit 
of oxide of iron, locally known as * red rag ' ; and we 
find drains in upland districts where the fall is con- 
siderable, which appear as perfect now as when they 
were put in twenty years since. In low land, and 
especially when the soil is composed of fine materials, 
it often happens that 2-in. pipes wiU require to be re-laid 
after periods ranging from ten to twenty years ; and, 
even if not entirely renewed, they are subject to constant 
repairs." 

Cames of Wetness. — Soils may be wet and in want of 
drainage from various causes. The most frequent 
cause is rain-water falling directly upon the soil in too 
great quantity, and finding no sufficient escape through 
subjacent porous strata. Sometimes it is water of 
pressure, or " soke,'* as it is termed in the Fens, which 
is simply rain-water that has fallen upon neighbouring 
higher lands and filtrated downwards till it burst out in 
a diffiised manner on the surface of porous soils at a 
lower level. In other cases, springs are the cause of 
wetness. Certain lands, also, are subject to be over- 

b3 
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flowed and in need of drainage when rivers or tides rise 
sufficiently to bring water upon them. 

Some lands are liable to sufier by one of these causes^ 
and some by all of them ; and to drain with advantage 
it is necessary to know how much of the surplus water 
is due to each of these causes. 



CHAPTER II. 

METHODS OP TJNDEK-DRAINING. 

Stone Drains, — Before drain pipes came 
atones, gathered off the fields, were the c 
terial of which drains were formed. Mr. Smith, of 
Deanston, even preferred stones to pipes, and he recom- 
mended that for this purpose the stones should be 



Fig 2 

broken small enough to pass through a ring 2^ inches 
in diameter. From 9 inches to a foot in depth of stone 
waa the quantity commonly put in. Some, however, 
filled the drains half-way with stones; others set a 
flat stone with its foot against one side and its top 
leaning against the opposite side ; and others, again, 
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ff&opted the different modes of construction shown in 
FigB. 1 to 6. 

The use of stones as draining material is now, how- 
ever, only justified where the land to be drained 





Fig. 3. Fig. i. 

abounds in them, and no other use can be made of 
them. To make a good stone drain requires twice 
as much excavatioD, and inTolves twice as much 
labour, as is necessarily expended in tile- draining, and 





Fig. fi. Fife-. G. 



it is neither so effective nor ao durable. In sandy and 
loose soils the stone channels are apt to get silted up 
hy the water carrying fine particles of earth and sand 
down amongst the stones. Of course where it becomes 
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a question of carrying stones upon the field to be 
drained, nobody would now think of putting in a single 
rod of stone drain. 

Pok and Fagot Drains. — ^Prior to the introduc- 
tion of drain tiles and pipes, various other kinds of 
material were used instead of stones, 
where the latter were not available. 
Sometimes a number of larch or other 
poles wer^ put in to form a conduit, as in 
Fig. 7. Bush fagots were also employed 
for the same purpose, and even hedge 
cuttings and ropes of straw were at times 
used in the formation of covered drains. 

The Drain Pipe. — These are a few of 
the chief devices used in the early days 
of draining land. The invention of the 
drain pipe gave an immense stimulus 
to thorough draining, and thousands of acres of wet 
land, which previously had to be summer-fallowed, 
were laid sufficiently dry for turnip cultivation and 
sheep husbandry. A cart-load of pipes went a hundred 
times as far as a cart-load of stones ; and as the pipes 
were of small diameter, comparatively little excavation 
was needed in putting them in. 

The Horse-Shoe Tile, — The drain pipe itself has 
undergone various modifications. In its earliest form, 
the pipe or tile was made singly, and by hand. The 




Fig. 7. 



n 

Fig. 8. 



n. 

Fig. 9. 



n 

Fig. 10. 



Q 

Fig. 11. 



clay was rolled out, and then pressed over a block into 
the shape of a horse-shoe ; and in using these horse- 
shoe tiles it was only deemed necessary to lay them on 
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a hard bottom of clay. It was soon found, however, 
that this was not enough. The run of the water wore 
the bottom of the drain and softened the clay, till the 
tiles were either displaced altogether or would sink 
into the bottom, and make the drain useless. The 
next improvement was to make the horse-shoe tile with 
feet, as in Fig. 9, in order to prevent it sinking into 
the earth or clay on which it rested. An obvious 
improvement on this, however, was to set the horse- 
shoe tile upon a flat sole, a little wider than the tUe 
itself, as in Fig. 10. When placed in position the 
possibility of the tile sinking into the earth was over- 
come, and, at the same time, a solid run was provided 
for the water which flowed through the drain. 

The cylindrical Drain Pipe. — The sole and tile was 
in turn superseded by the machine-made pipe, in 
which the horse-shoe form, as in Fig. 11, was at first 
closely adhered to, but this has now been entirely 

superseded by the cylindrical 
pipe shown in Fig. 12, which 
possesses many advantages. It 
Fig. 12. forms a complete conduit in 

itself, it is stronger than any 
other form of pipe, its extreme lightness makes it very 
easy of transport, and owing to its small diameter a less 
quantity of earth need be excavated in digging a drain 
for a cylindrical pipe, at a given depth, than for any 
other drain material. 

Pipe Collars. — Collars were for some time very 
generally used along with the cylindrical pipes, from 
an impression that they gave greater efficiency and 
permanency to the drain. The collars were short 
pieces of pipe just wide enough in the bore to admit 
the ends of the small pipes forming the drain, the 




METHODS OF UNDER-DRAINING. 15 

object being to cover the junctions of these pipes, and 
to prevent them moving out of position after being 
laid. Fig. 13 shows two drain pipes connected by 
means of a collar. The collars have now very gene- 
rally gone out of use, the prevailing opinion being that 
they are an unnecessary expense on all clean-cutting 
and firm-bottomed soils. If a solid foundation for the 
pipes is unattainable, as in deep peat-mosses or the 




Fig. 13. 

like> where a certain amount of subsidence is sure to 
take place after the drains are finished — or if the pipes 
are liable to silt up from the nature of the material in 
which they are laid — ^the use of collars may still be 
advisable at times, but in the great majority of cases 
they can very well and safely be dispensed with. 

JB^ow Water enters the Pipes. — The question, '* How 
does water enter a drain pipe when it is laid three 
or four feet deep in the soil ? '' is one often asked by 
beginners. From experiments which were carefully 
carried out by Mr. Josiah Parkes, in order to deter- 
mine this poinj}, it was found that under a pressure of 
4 feet of soil, the absorbent power of various pipes 
formed of various clays was equal to the passing of about 
-g-Jirth part of the quantity of water which enters the 
conduit through the crevice existing between each pair 
of pipes. By so much, therefore, the porous nature 
of the pipe material is useful ; but, practically, this in- 
fluence is so small that we may regard the whole of the 
water as entering at the joints. And not only does the 
bulk of the water enter the pipes at the joints, but the 
greater portion of it enters the drain pipes from below. 
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In all soils requiring drainage there exists a water- 
table or level of supersaturation, and in a well-drained 
soil this level corresponds with the level of the drain 
pipes. When rain falls on the surface the water finds 
its way downwards till it reaches this water-table. It 
then begins to rise, and if the drains are sufficiently 
active the pipes will carry off this rise of water as 
fast as it enters them from below. If the water rises 
- above the level of supersaturation faster than the drain 
can take it off, then of course the pipes become com- 
pletely swamped, as it were, and the water enters at 
every part of the joints. When the rain has ceased to 
fall, however, the continued action of the drain will 
soon suffice to again reduce the water of supersaturation 
to its proper level ; water wUl even cease to flow from 
the drains until more rain falls, and then the same 
thing will go on as before, the height to which the free 
subjacent water rises being wholly dependent on the 
activity of the drain, and the sufficiency of the pipe to 
carry off the water from it in a given time. 

That the water will be freely admitted to the pipes at 
the joints is easily shown. With 2-inch pipes, when 
laid as close end to end as possible, the opening between 
two of them is usually not less than iVth of an inch on 
the whole circumference. This makes six- tenths of a 
square inch opening for the entrance of water at each 
joint. In the length of a drain between any two points, 
say 100 yards distance, with pipes 12 inches long, there 
will be 300 joints or openings, each six- tenths of a 
square inch in area, or a total area of 180 square inches 
for admitting water to the drain. The area of the out- 
let from a 2-inch pipe is, however, only about 3 inches, 
so that the inlet area is nearly sixty times greater than 
the outlet area. 
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Manufacture of Drain Pipes. — ^In all drainage works 
of any considerable extent, it will pay to make the pipes 
on the ground^ if clay at all fitted for the purpose is 
obtainable. There is nothing more suitable than 
ordinary brick clay ; and by employing machinery in 
their manufacture^ drain pipes can now be produced 
very rapidly and cheaply. 

There are various machines used in this work, but 
they all operate on the same principle. This consists 
in squeezing a continuous length of soft plastic clay 
through a ring-shaped orifice, the centre of which is 
occupied by a core or mandrel of the size of the hollow 
part of the pipe ; another arrangement of the machine 
being to cut the pipes to the proper lengths as they 
pass through, and by means of a travelling table to 
carry them forward to be removed to the sheds, where 
they are dried previous to being burned in the kilns. * 

Some of the machines only work the clay after it haa 
been prepared in a pug-miU ; others consist of a pug- 
mill and pipe-maker combined. The uncombined 
machines cost from £20 upwards, according to size, 
and are capable of turning out, by man-power, from 
200 2-inch pipes per hour, and upwards, or with one- 
horse power from 3,000 to 5,000 pipes per day. The 
pug-mill costs about £10 extra. 

One of the best machines known to us is that made 
by the Boness' Foundry Company. Two sizes of this 
machine are sent out. They are of the combined kind, 
and prepare the clay and produce the pipes at one 
operation. Their peculiarity is in the screening com- 
partment, where the clay is entirely freed from stones 
and all substances which would cause bad pipes to come 
from the dies, and from which all such refuse is ejected. 
The smaller one can be easily driven by 4-horse power, 
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is worked by one man and three boys, and is capable 
of putting out of good clay 7,000 to 9,000 2-inch pipes 
daily. It costs, exclusive of driving power and belting, 
£70. The larger-sized one costs £100, can be driven 
by 6- or 6-horse power, is worked by two men and 
three boys, and turns out from 12,000 to 16,000 2-inch 
pipes daily. 

A tilery, including a kiln capable of burning, say, 
20,000 2-inch pipes, and drying sheds for the same, 
can be erected at a cost not exceeding £60 ; and with 
coal at 18$. per ton, the expense of manufacturing the 
pipes is from 16s. to 18s. per thousand. The quantity 
of coal used varies, as some clays require more burning 
than others ; but on an average, perhaps, 2^ cwt. of 
coal will bum 1,000 2-inch pipes. The pipes are 
usually cut off the machine at 16 inches in length. 
In the processes of drying and burning, however, they 
shrink to 13 or 14 inches. (See Appendix, 10.) 

Cost of Pipes, — The selling price of drain pipes 
varies greatly throughout the country, and in much 
the same ratio as does the price of coal. Appended 
are two price lists for the present year. 

Sbllinq Prices of Drain Pipes of various Sizes at the Kiln. 



Inches 
diameter. 


Gloucestershire. 


Banffshire. 


2 

2i 
3 

4 

5 

6 

8 

9 

10 
12 
14 


£ s. d. 

I 6 per 1,000 

1 15 „ 

2 6 „ 

3 „ 

4 5 „ 
7 10 „ 


£ 3. d. 

1 9 per 1,000 

1 19 „ 

2 10 „ 

3 15 
5 6 

8 16 „ 
9 each 
10,, 
12,, 
16,, 
1 10 „ 
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It is not too much to say that the pipes can be 
manufactured on the field at from one-half to one-third 
of the above cost. 

Drain pipes,* if well made and properly 
burnt, should be entirely free of warps and 
nodules ; and if gently knocked, one against 
another, should give out a clear musical 
sound. 

Peat Tiles. — Conduits formed of dried peat 
are sometimes used in draining peat-mosses 
and bogs, where there is always a super- 
abundance of this material. Fig. 14. 
These tiles are formed in half- 
sections, as shown in Figs. 14 
and 15, and are cut with a 
spade similar to that repre- 
sented in Fig. 16. They are 
fairly durable in soils of the 
class mentioned, and have 
certainly the merit of cheap- 
ness, as they are dried in 
the sun, the only cost being Fig. 16."; 
that of cutting and handling them. 

Wedge and Shoulder Drains. — Underground draining 
is also occasionally practised without the use of 
any drain material; and that in various ways. The 
most simple forms of these drains are what are known 
as the wedge-drain and the shoulder-drain. They are 
„,„ chJeU in the ^^^ taed by ft, boWoi of 
the drains being cut very narrow, and the upturned 
turf or grassy spit from the surface made to rest on 
the top of the wedge or shoulder, thus leaving a 
vacant space in the bottom of the drain, as shown in 
Figs. 17 and 18. These drains are less durable than 




Fig. 16. 
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the peat-tile drains, and like them are only adapted 
for old pasture lands, where they are entirely beyond 
the risk of disturbance by tillage operations. 





Fig. 17. 



Fig. 18. 



Draining Ploughs. — ^The mole-plough affords, per- 
haps, the cheapest means of under-draining without 
the use of any foreign material. The strong coulter of 
this plough carries on the back of its point a mole or 
plug, which leaves an open channel behind it, as it is 
drawn through the soil. The channels thus made in 
the land deliver into properly-constructed main drains 
with pipes of sufficient size. The implement can be 
made to work at any moderate depth, and either by 
horse or steam power ; but it can only be used satis- 
factorily on homogeneous clays, or free loams, and is 
better suited to grass lands than to lands imder tillage. 

A recent correspondent of the Agricultural Gazette, 
who advocates mole-plough draining, may be quoted as 
to the cost of this method. 

''Cost of Draining by Mole-plough. 

"July 11th, 1881. 

" Sir, — I am glad to find that the old-fashioned excel- 
lent practice of draining by mole-plough, with the use 
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generally of steam-power instead of horses, has been 
revived with energy. As the following figures are 
facts, you may like to publish them. They represent 
the cost of draining a field (21 ac. 2 rd. 24 pi.) in Hoo- 
field with mole-plough, and pipes in main drains : — 

£ c. d. 

Mole ploughing 1,328 rds. at 2}d. per rd. . . 13 16 8 

Gutting main drains 3 10 

Pipes 626 

Labour, coals, &c. . . . .300 

£25 2 

'^ The mole drains were made 8 yards «part. The 
cost per acre comes out at 23s. Id. As the field may 
have been favourable for the work, the average may be 
put at 25«. an acre. This is certainly a very inexpen- 
sive method of laying the land perfectly dry to a depth 
quite sufficient for all the purposes of practical farming. 
The time has again come for economy. . . . Mole- 
plough draining will admit of at least 12-inch plough- 
ing, &c. 

"Top Spit." 

Fowler's draining plough, which gained the Royal 
Agricultural Society^s medal at Lincoln in 1854, where 
it was first worked by steam-power, may be used either 
as a mole-plough or to put in pipes. In the latter case 
it aims at making a complete pipe drain at a single opera- 
tion, the drain pipes being strung on a rope, and rope 
and pipes together being drawn through the soil, 
behind the mole fixed on the point of the coulter. 
It may be worked to a depth of 3^ feet in suitable 
soils : and either by horse or steam power. It is said 
that the work done by this plough at the Lincoln 
meeting in 1854 is still giving entire satisfjwtion. Fig. 
19 shows the improved form of Fowler's mole-plough. 
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But after all is said aad doae, draining by means of 




the luole-plough, even where it puts in no p'pes, can 
only be practised to a very limited extent on the soih 
of this country. 
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Draining Machines. — The latest and perhaps the 
most ingenious implement of this kind was exhibited 
at the Derby 8how in 1881, by Messrs. Robeon and 
Herdman, the patentees. By the use of this machine, 
of which Fig. 20 is a side illustration, the complete 
process of laud draining is automatically accomplished. 
The drain is excavated by a series of reYolving buckets 
cutting to the required depth and fall ; the drain pipes 




Fig. 20. 



being laid by the arrangement shown in the drawing, 
and the eiirth returned to ita position by suitable 
shoots, the subsoil being conreyed to the bottom of the 
drain. This machine is driven by a wire rope like a 
steam-plough or cultivator, and requires no more 
skilled attendance. Its cost (£390) appears to us 
simply prohibitive to its use ; but it has never been 
fairly tried ; and the inventors, wo believe, have for 
some time past been engaged in working out some new 
idea in connection with the machine. Sinco 1881, the 
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Boyal Agricultural Society has annually offered a gold 
medal for the best draining machine, but the medal is 
still unawarded. As Mr. Pidgeon, in his recent paper 
before the Society of Arts, has aptly pointed out, 
'' several difficulties attend the problem of automatic 
pipe-laying. It is not easy to provide for a proper 
and equable fall ; it is difficult to place the pipes accu- 
rately in contact end to end ; and it is a question how 
turning at the headlands is to be accomplished." 



CHAPTER ni. 

ARRANGEMENT OP DRAINS. 

Determining the Outfall, — In proceeding to drain 
a field, the first thing to do is to decide on the 
point of outfall. Where the surface is undulating 
there is seldom any difficulty about this ; but on low, 
flat lands it is often impossible to determine whether 
the ground has any fall or not until the levelling in- 
strument is brought out. The number of outlets 
required will depend on the size of the field, aiid on 
the configuration of the land. If the land does not 
slope in more than one direction, and if the field is not 
of large extent, one outlet will probably be enough. 
Otherwise, however, it may happen that several outlets 
are required. If all the drains can be led in one 
direction, a single outlet may suffice for a field of 12 or 
15 acres; in this area, however, there ought to be 
three or four main drains, all converging on one point. 
If the land has little inclination, there will be great 
advantage in concentrating the whole of the drainage 
on one outlet, and care should likewise be taken to run 
the main drains in straight lines towards the point of 
discharge. Where the inclination is greater, and the 
field to be drained is larger, a second or even a third 
outlet may be advisable, in order to shorten the lengths 
of the main drains. 
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Laying out the Main Drains. — The next step is to 
lay out the main drain or drains in the best direction 
for receiving the miuor drains. This will alwaya be 
along the lowest line of ascent from the point of out- 
faU. 

Arrangement of Minor Drains. — In the arrange- 
ment of the minor drains, the aim should be to lay the 
land dry with the smallest possible number of drains. 
Not a rod of drain should be cut that is not going to 
be beneficial. The causes which render the soil wet 
must first be considered. When these are known and 
understood, it will be easy to decide upon the best 
means of providing a remedy. But in this considera- 
tion the sectional strata of the district must be taken 
into account, as well as the contour of the surface, and 
the texture of the super and subsoils. 
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Fig. 21. 

If the surface of the ground is level, and the struc- 
ture of the soil uniform, the drains may be arranged at 
regular intervals apart (Fig. 21), with feeders at right 
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angles to the mains, and the necessary slope must be 

gained by cutting (Fig. 22) deeper towards the outfall. 

An undulating surface requires the mains to be 

placed at the lowest levels, and the minor drains 



Fig. 22. 

should run into them !n the direction of the inclina- 
tion of the ground (Fig. 23). When the surface 
inclines, there will be generally sufficient fall for dis- 




Fig. 23. 
charge if the drains are cut throughout to a uniform 
depth (Fig. 24). 

If the sectional strata consist of soils of various 

retentive powers, their relative positions, both in plan 

&ad in section, must be regarded in the arrangement 

c 2 
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of the drains. It is want of attention to this point 
which is the true source of so many fruitless attempts 
at successful land-drainage. Instead of following 





Fig. 24. 

ready-made rules for fixing the proportionate depths 
and distances of drains in light and heavy soils, we 
must determine these points by reference to the thick- 
ness and order of the substrata, no less than by the 
character and texture of the supersoil. 

Direction of Drains. — ^With the exception of the 
main drains, which must conform to the contour of 
the land and the point of outfall, all drains should be 
directed against the hill, or run in the direction of the 
greatest slope, and not made to cut it diagonally. By 
cutting across the slope a drain will undoubtedly inter- 
cept the water from the land above it, but it will do 
nothing towards relieving the wetness of the land below 
it. On the other hand, by cutting against the hill the 
land is not only drained on both sides, but a drain so 
applied will drain a soil deeper than the drain itself, as 
water lying above a given point will be drained to a 
depth the difference of the fall from the point in ques- 
tion in a direction up the level of the drain. Further, 
it is obvious that a drain laid on across the slope of 
greatest inclination, or diagonally to it, will not empty 
itself so soon as one which follows the direct line of 
greatest inclination. Where the flow is sluggish it 
even happens at times, with the drains laid on across 
the slope, that some of the water finds its way through 
the sides of the drains before it reaches the point of 
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outlet, and thus, instead of serving todrain, helps to 
keep the land below it wet. So that while a drain cut 
down the slope will receive the water from the sides, 
the top, and the bottom, a drain across the slope will 
only receive the water at the upper side of it. 

Yet there can be no hard or fast rule in this. An 
exception is generally made in draining old pastures 
lying in high ridges, that have, perhaps, for genera- 
tions determined the direction of the water, when 
these run obliquely to the ascent. This is entirely to 
ignore the fact that the forming of land into ridges 
and furrows was the original mode of surface drainage, 
and that if under-drainage is properly carried out, there 
can be no need of surface furrows. TJnfortunatelv, a 
large portion of the arable surface of England still 
partakes of the ridge and furrow form; even on strong 
clay arable lands, however, the ridges and furrows are 
mostly disregarded, particularly if they are of irregular 
width. 

There is sound practice as well as sound theory 
indicated in Mr. Bailey Denton's lines : 

" When land is drained no furrows keep, 
But lay it flat and plough it deep." 

"I have seen many clay-land farms that have not 
been rendered dry by draining," says Mr. Denton, 
" because in order to develop the draining those lands re- 
quire an after treatment,'' — deep cultivation and laying 
them flat where they have been in ridges — "which 
they have not received. There are many farmers who 
believe that if their land is drained they have nothing 
to do to help the drains. There is no greater mistake. 
Deep cultivation on land moderately drained very 
materially assists to rid the land of water. The more 
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jou stir the soil the more you assist in drainage, and 
the fewer drains you require." On under-drained 
pasture land nature performs this work for herself. 
Every shower that falls makes both surface and sub- 
soil more porous, carrying air and rain together down 
to the drains. 

Again, in any case it will be useless to drain against 
the dip of the strata. It may also sometimes occur that 
the existence of a spring between two parallel drains 
may necessitate its being led into one of them by means 
of a side drain, although, if the parallel drains are not 
over distant, the water in such cases will generally find 
its own way. The extreme mobility of water, and its 
tendency to force its way along by its own gravity, 
wherever the pores of the soil are open to the atmo- 
sphere, is well known to every one. If a pipe drain be 
laid down in a dry soil, the channel is immediately 
filled with air, but when rain falls, and the soil becomes 
saturated to the level of the drain, the water in the soil, 
by reason of its greater weight, occupies the place of 
the air in the drain. The water which is nearest to 
the drain is first drawn off, then that next to it imme- 
diately takes the empty place, and so on and on, the 
last pushing and driving the first beyond any limits 
which we can affix to it. 

Inclination. — The rate of fall which can be obtained 
according to the surface levels of the district is 
not only important as regards the discharge of the 
water from the pipes, but it will occasionally have 
an influence in regulating the depth of the drains. 
Theoretically, water will flow if there be but the 
smallest possible deviation from a horizontal line ; but 
in practice this is not sufficient, for it implies a per- 
fectlv smooth and level bed, a condition which does 
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not exactly exist in land drains. A fall of one in two 

hundred will afford good drainage, but in the stiffer 

class of soils an inclination of one, two, three, or more 

in a hundred is preferable, if obtainable. The water 

should not pass too quickly through the soil before 

it has time to deposit its nutritive ingredients; but 

neither should it be allowed to stagnate, as it will do if 

the drains are deeper than it can readily permeate, or 

if the fall is insufficient to induce a free discharge. On 

very porous soils a smaller inclination will suffice than 

is necessary with a soil where percolation is not 

so rapid. When the drains are sufficiently active 

they will not allow the water to stand on the surface 

longer than a few hours after heavy rains. Stone 

drains require more fall than tile drains, as the 

friction to be overcome by the water is greater in 

the former. 

Length of Drains. — Long drains, as a rule, are 
more effective than short ones. This is seen to per- 
fection on the wet level lands which are sometimes met 
with, where it is very difficult to get drains to run, 
unless such a quantity of water is collected in them as 
forces a current by its own gravity. In such places 
long drains are an advantage, as the increased quantity 
of water which they collect causes a constant run, 
which keeps them clear and free of obstructions. But 
it is one of those matters of detail which must be 
decided according to the circumstances of the case. 
Some advise that the length of a drain should not 
exceed 300 yards, and that where there are springs in 
its course it should not exceed 200 yards. Main 
drains, undoubtedly, should be made shorter rather 
than longer, if there is any choice, because the longer 
the main, generally, the greater the number of feeders 
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led Into it ; and to lead the drainage of a large tract 
of wet land all into one main drain is very often to 
endanger the safety of the whole, if an obstruction 
should occur in the main, or it should proye inadequate 
to carry o£F the water. 



CHAPTER IV. 

DEPTH AND FREQUENCY OF DRAINS. 

Depth of Drains. — " The circumstances affecting 
the proper depth and distance of drains are very 
numerous. Deep drains are longer in beginning to 
flow, but if the soil is porous, they will carry off the 
surface water after heavy rains sooner than shallow 
drains. They also drain a greater bulk of the soil, and 
allow the water time to deposit the particles of mould 
and manure which it carries in from the surface of the 
ground. 

" On an open soil which the water penetrates freely, 

the action of the drains will extend to a considerable 

distance, if the depth is made proportionate ; but on 

stiff, compact soils, percolation will be greatly hindered, 

and therefore the action of the drains will extend a less 

distance than on free and open ground, where the 

water finds a ready escape. No amount of depth will 

compensate for excessive distance on a compact soil, 

because the material either resists the passage of the 

water altogether, or the removal is so slow that the 

drainage is worthless. It is also evident that drains 

may be laid too deep, for the same causes which hinder 

the lateral course of the water are obstructive to its 

vertical descent in the soil. 

" If the upper bed is retentive, and of such depth 

c 3 
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that the drains cannot be cut completely through it, the 
best system to adopt will be shallow drains at close 
intervals; and, on the contrary, a pervious material 
should have deeper drains at wider intervals. 

" If a comparatively thin bed of clay rests upon a 
porous substratum, the drains should be cut into the 
latter, or through it, according to its depth ; and they 
must in any case be laid at small internals. 

" When the case occurs, as it sometimes does, that a 
free supersoil about three feet in depth overlies a com- 
paratively thin bed of clay, it is often advisable to 
limit the depth of the drains to that of the porous bed. 
By penetrating the clay the land would be better 
drained, but in doing so there is a risk of exposing 
springs, if they exist below the clay. 

" The requirements of vegetation must also be con- 
sidered in determining the proper depths of drains. 
The depth to which the rootlets of the plants penetrate 
may afford some indication of how far the free sub- 
jacent water should be retained below the surface. It 
is often alleged that in dry summers, grass land 
especially is subject to great injury, owing to the 
depth of the drains below the rootlets being beyond 
the capillary power of the soil. There is, however, 
strong evidence that the roots of all our cultivated 
crops, grasses included, do descend and appropriate the 
soil to as great a depth as they are permitted ; and it 
should not be forgotten that every inch of additional 
drainage, or every inch of additional depth cultivated, 
is a gain of 100 tons of active soil per acre.'' * 

In reference to this part of our subject, Mr. J. 
Bailey Denton says : — 

" I published recently some very curious illustrations 

* " Soil of the Faiin.'* By John Scott and J. C. Morton. 
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of the dislike plants exhibit for stagnant water in the 
soil. They afforded proof that directly the roots reach 
the standing-water level, they ceased to penetrate 
farther. I have evidence now before me, that the 
roots of the wheat plant, the mangold wurzel, the 
cabbage, and the white turnip, frequently descend into 
the soil to the depth of 3 feet. I have myself traced 
the roots of wheat 9 feet deep. I have discovered the 
roots of perennial grasses in drains 4 feet deep ; and I 
may refer to Mr. Mercer, of Newton, in Lancashire, 
who has traced the root of rye-grass running for many 
feet along a small pipe drain, after descending 4 feet 
through the soil. Mr. Hetley, of Orton, assures me 
that he discovered the roots of mangolds in a recently- 
made drain 5 feet deep ; and the late Sir John Conroy 
had many newly-made drains, 4 feet deep, stopped by 
the roots of the same plant." 

For purposes of cultivation, the drains should never 
be laid at a less depth than 3 feet from the surface of 
the ground. Even with steam ploughing and sub- 
soiling, the depth of, say, a 2J-foot drain will not 
ordinarily be reached ; but it is evident that drains 
may be completely destroyed by the operations of till- 
age, without the drain pipes being actually touched 
or disturbed. In most soils, shallow drains become 
rapidly choked by being filled up with fine particles 
washed down through the openings occasioned by till- 
age and other surface influences. This is especially the 
case on fine sands and alluvial deposits, where the silt 
rapidly penetrates to the depth of a shallow drain. 
Deep drains for these reasons are more secure and 
remain longer efficient. 

Solar influence, also, is not without its effect on the 
proper depth of drains. Clay lands with a southern 
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elope will require drains at a greater depth than lands 
with a northern aspect : and, likewisei lands of a 
southern latitude than those of a northern. 

Lastly, as has been already seen, the rate of fall ob- 
tainable according to the surface levels of the district 
has its effect in determining the depth of drains. 
Where the outfall is deficient, as in the case of most 
low-lying lands, the top ends of the drains can rarely 
be made so deep as the lower ends ; and the same rule 
has to be observed wherever the surface is so flat that 
there is no other means of giving the drains a proper 
fall. 

Recent Practice in Draining. — Whatever may be 
said in favour of deep drains as against shallower ones, 
there can be little doubt that closer draining is now 
Being practised than was formerly believed necessary 
by the advocates of deep drains, and the inference is that 
they are at the same time draining shallower. On this 
head some curious and important revelations were made 
by Mr. Bailey Denton in his evidence before the Royal 
Agricultural Commission. Some of Mr. Denton's 
answers to questions relating to drainage are of so 
much consequence that I give them in full here. 

At page 169 of Minutes of Evidence, he is reported 
to have said: ** There is no doubt but that the rules 
prescribed by the Enclosure Commissioners, with 
regard to the necessary depth of parallel drains in clay 
soil, and the distance between them, have not been 
fully justified with free soils and irregular surfaces. 

" It is found that no rule whatever will apply with 
clay and homogeneous soils. . . . The generally 
adopted parallel system, based on the theory propounded 
by the late Mr. Josiah Parkes, that the deeper the 
drains the wider may be the infervols between them, 
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does not hold its ground. Wlien obliged, by tbe rules 

laid down by the Enclosure Commissioners, to conform 

to the depth of four feet, landowners were encouraged 

by the Parkes' theory to lessen the frequency of the 

drains in order to keep down the cost. The result 

was that the distance was extended beyond the limit 

of reciprocal action, and it has now been found that 

the full effect aimed at has not been secured. Instead, 

however, of attributing unsatisfactory results to the 

real cause — i.e. excessive distance between the drains — 

they have been attributed to excessive depths, and the 

principle of deep drainage, which is sound in itself, 

has thereby lost ground. With the cost of manual 

labour increasing in this country, without the returns 

of farming keeping pace with the advance, it has 

become positively necessary, if clay lands are to be 

drained at all, that a compromise should take place. 

A width of 24 ft. is taking the place of 36 ft., and a 

minimum depth of 3 ft. that of the universal 4 ft.^' 

Again, at page 223, he goes on to say : " I certainly 

am bound to confess if I had some drainage that I have 

executed to do again, I should drain it dififerently ; but 

I do not take to myself any blame for that. It was 

a law, a rule of the Enclosure Commissioners, to drain 

4 ft. and nothing under. That required a certain 

width, a certain distance between the drains, to bring 

the cost to a reasonable amount ; and land was drained 

30, 33, and 36 ft. apart, which, if I were to drain again, 

I should not certainly exceed 27 ft. in interval ; 21, 

and 24, and 27 ft. would be the distances I would now 

adopt in place of 30, 33, and 36 ft. The Commissioners 

are now, I believe, acting on that view, and they 

no longer require 4 ft., except in cases where their 

inspector considers 4 ft. the best depth to drain." 
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Distance bettceen Drains, — Practice seems to say that 
the distance between drains on strong clays may be 
from four to six times the depth, on strong loams 
six to eight times the depth, and on light soils eight 
to ten times the depth. 

It is easy to discover the origin of the rules for 
distances by looking back to that of parallel drainage. 
Prior to the practice of under-drainage, strong and 
wet lands were rendered capable of tillage by being 
ploughed up in the waving shape termed " ridge and 
furrow," the bottom of the furrow forming the drain 
for the ridge. In consequence, however, of the crops 
perishing in and by the sides of the furrows, the water 
was drawn off from them by having shallower drains 
below each, and kept open by straw or brushwood. 
This was termed furrow, or thorough draining. " It 
is thus that the distances of the furrows from each 
other indicate the distances of the drains in any par- 
ticular district. And the distances now most commonly 
in use, in different districts and on different sorts of 
soils, have all reference to a width of ridges that either 
formerly was, or now is, in use in those districts. 
Throughout the country the statements of the number 
of feet from drain to drain is, in almost every instance, 
when reduced to inches, divisible by 18, that being 
the width of ground moved at a single bout of ordinary 
ploughing.'' * 

Oradual Drainage of Boggy Land. — The perfect 
drainage of deep and wet boggy land is a gradual 
process, requiring some time to reach the proper depth. 
The drains in this case should be cut at first only as 
deep as the sides will stand, and gradually deepened as 
the land subsides, taking care to keep the open trenches 

♦ Mr. Spooner. 
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well cleared out. When the land has become suffi- 
ciently consolidated, the usual pipe drains may be put 
in, but they should be laid rather beyond the depth 
which would be thought necessary in a firmer soil 
of the same nature. If the moss will not carry 
the ordinary pipes, it will be advantageous to use 
collars with them, in order to prevent their dis- 
placement. 

Draining Peat Mosses, — Peat or vegetable soils 
possess, in a very strong degree, the power of capillary 
attraction, and their porosity is also so great that if one 
portion of the peat be made dry the moisture contained 
in the other parts will rapidly distribute itself through 
it. In order, then, to drain a peat soil thoroughly, and 
to counteract the effects of capillarity, the drains must 
be laid deep, but they need not be so frequent as in 
less porous soils. A single ditch dug down to the 
bottom of the peat, or as near it as possible, will draw 
off a considerable quantity of the moisture, not merely 
from its immediate neighbourhood, but from the whole 
moss. Where the peat is of no great depth, and 
recumbent on a clay bottom, the drain should, if the 
outfall will admit of it, be cut through the peat into 
the clay, after the manner shown in Fig. 25. If this 
plan can be adopted it will have the effect not only of 
depriving the peat more completely of its moisture, but 
it has an additional advantage, inasmuch as the sides 
of the drain will stand better while it has to remain 
open. 

Auger Soles, — Where springs which are fed from 
a higher level lie immediately below a clay substratum 
which exceeds the practicable depth of the drains, 
recourse may be had to tapping, by means of an auger 
hole, or vertical bore, in order to open a communication 
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to the drains, by which the contents of the springs will 
he earned off 
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Fig. 25. 

"Marshes, and even lakes, which occupy a bowl- 
Bhaped cavity, rendering drainage by the ordinarymeanB 
impracticable, have been completely drained by boring 
through the impenetrable surface layer when it is not 
thick, and rests upon a porous substratum of sufficient 
depth to bear the water and carry it o£F from the 
surface. But this method must not he tried without 
due attention to the disposition of the sectional strata 
of the district, for i£ the porous soil is surcharged with 
water from a higher level the proposed cure will prove 
an aggravation of the existing evil. In that case the 
object may be attained by cutting a deep ditch or canal 
through the bank, on a level with the bottom of the 
lake." • 

8wallow-hoks ami absorbing Wells. — There are exten- 
sive areas of land resting on a chalk subsoil where 
drainage, both natural and artificial, is carried on by 
means of what are known as " swollow-holes," or 
" dumb-wells." In all chalk formations " there ore 
• " Soil of tho Farm." 
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large Band and gravel pockets, like inverted sugar 
cones, the origin of which is this. The rain water 
falls on the surface, and pure water being a powerful 
solvent of lime, dissolves it and filters down and is 




CHAPTER V. 

THE DIGGING OF DRAINS. 

Best Form of Drain. — In digging a drain it 
should be cut as narrow as possible. If the bottom is 
just wide enough to receive the pipes (Fig. 26) it is all 

that is necessary ; moreover, when 

the pipes are thus accurately fitted 
in, the drain is more efficient, and, 
at the same time, more cheaply cut. 
Every spadeful of earth excavated 
beyond what is actually needful, 
in order to admit of the pipes 
being properly laid, is labour and 
money wasted. 

This accurate fitting in of the 
pipes is, with skill on the part of 
the workman, rendered quite practicable in the case of 
all soils tolerably free from stones, by the excellence 
of the draining tools that are now obtainable. 

Marking out the Drain. — The drain should be 
staked and lined, and then edged, or marked out, on 
both sides by means of a common garden spade, such 
as shown in Fig. 27, which is also the best tool for 
removing the turf, or top spit. The middle and bottom 
spits are taken out by long tapering spades, similar to 
the Birmingham spades illustrated in Figs. 28, 29, and 
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30, each spade being followed by a corresponding-sized 
scoop to take up the loose earth. The scoops used are 
represented in Figs. 31, 32, and 33. 

Digging. — In digging a 3-foot drain, after taking 







Fig, 27. 



Fig. 28. Fig. 29. 



Fig. 30. 



off the top spit with the garden spade, only two^of the 
long spades, as a rule, are used — one to take out the 
middle spit, another to take out the bottom one. In 
digging a 4-foot drain, however, there are generally 
three spits besides the top one, and in this case all the 
three Birmingham spades, or others, would in turn be 
called into use. The one which cuts the last spit 
(Fig. 30) is called the bottoming tool, and its introduc- 
tion has effected a considerable saving in the cost of 
cutting drains. 

Where the subsoil is hard, the pick has often to 
be used. In some soils, indeed, the pick has to be 
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employed in loosening every spadeful of earth before 
it can be thrown out. In such cases the long 




y^^ 



Fig. 31. Fig. 32. Fig. 33. 

tapering spades are comparatively useless. Where 
picking is required^ the drainer must stand in the 
bottom of the drain to get at his work, and this occa- 
sions a much wider cutting than in soft clays where the 
workman can stand above his work and send his long 
spade down 12 or even 18 inches lower. The cost of 
cutting drains in these hard or stony soils is of course 
considerably greater, both on account of the picking 
which is necessary, and by reason of the greater quantity 
of earth which has to be excavated. The picks, or 
pick-axes as they are sometimes termed, are usually 
made with a point at one end and a chisel or axe at the 
other (see Figs. 34, 35). 
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The digging should commence at the lower end^ and 
proceed up the hill, thus allowing the water to run 
off and leave the drain dry digging. It is most 




Fig. 34. 



Fig. 35. 



important that the bottoms of the drains should be 
properly graduated. To ascertain this, various tests 
may be applied. One is to pour water into the drain at 
the upper end and mark any interruptions in its flow. 
In other cases the levelling staff is used. But for irre- 
gular surfaces the use of "boning rods'* is to be 
recommended, though these serve only to show the 
evenness of the drain bottom, and not the amount of 
fall. Three " boning rods *' are the fewest that can be 
used. Two of them are staves about 4 to 5 feet long, 
with cross-heads, and one of these is set up p^*pendicu- 
larly at each end of the drain. The third staff is con- 
siderably longer, with a movable cross-head, and is 
set up at the same height as the others ; and when 
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held perpendicularly and moved up and down the 
drain between the two end staves it shows to a person 
looking across the cross-heads where the bottom of the 
drain is faulty. 

Where the drains are deep and the sides apt to fall 
in, the earth should be first taken out the whole length 
of the drain and within a foot or so of the intended 
depth ; then the bottom spit can be taken out by one 
or more men according to the length of the drain, and 
the bottoming and laying of the pipes all completed in 
one day. 

The Upton Draining Tool — This implement, although 
it has certain advantages over the ordinary flat and 
curved spades, and has had its merits well described 
by Mr. Milward, has been much neglected. For 
deep draining in clay soils its use is certainly to be 
recommended, both for the ease with which a great 
depth is obtained at one thrust, and the small quantity 
of earth required to be excavated and filled in. 

In using the flat or straight-edged spade, it will be 
found that the drainer inserts it thrice into the ground 
before he can remove the spit of earth, as is shown in 
Fig. 36. A thrust on each side separates the spit 
laterally, and the last thrust detaches it at the bottom. 
Great force would be required to tear the spit of earth 
from its place without previously detaching it at the 
sides. The curved tool is intended to obviate this 
necessity, but is not found to do so effectually in 
practice ; the spit of earth, as is seen in Fig, 37, is still 
not completely separated at the sides, and must either 
be torn away or detached by side thrusts. 

The inventor of the Upton draining tool thought that 
the resistance thus offered to an ordinary draining spade 
could be very materially diminished if the spit could 
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be entirely detached as the tool descended. He 
decided, therefore, on a tool with two sides united 
together at the back, so that its section would be like 
the letter V. Considering, also, that if spits in the 
form of equilateral prisms could be taken out, the 
drain would be most readily excavated, the angle 
between the sides was fixed at 60° — the angle of an 
equilateral triangle. 

In using this tool, which is illustrated in Fig. 38, the 





Fig. 36. 



Fig. 37. 



right side must be kept flat against the right side of 
the drain; and when this spit is withdrawn and the 
next thrust is made, the left side of the tool must be 
kept against the left side of the drain, and so on 
alternately. 

Fig. 39 shows the manner of using the tool. The 
black line V shows the mark made on the surface by 
thrusting the tool into the ground ; h indicates the 
position of the handle ; the spits of earth marked out 
on the surface are numbered 1, 2, 3, 4, and 5, in the 
order in which they are removed. -4 is a piece of iron 
fixed as a rest for the foot in driving the tool into the 
ground. 
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In deep clay soils the success of this tool is very 
great. It is made of different sizes. The first and 
largest takes out a depth of about 18 inches ; 
and longer but narrower tools are used for 
completing the dain to the required depth, 
the width at the bottom being only 3 or 4 
inches. Some dexterity is required in 
keeping the tool properly along the side 

of the drain, also in with- 
drawing the spit which has 
been cut out ; but the latter 
difficulty is easily overcome 
by inclining the spade a 
little instead of driving it 
straight down. 

Opening Brains with the 
Plough. — ^The drain plough 
is sometimes used as an 
adjunct in opening drains ; 
but it is more often heard 
of than seen. Mr. "Wil- 
son, however, has recorded 
his experience in the use of this implement, and the 
results may be given. The price of the plough, 
in full working order, he puts at £20; and the 
cost of using it for one day (including horses, men, 
and wear and tear, and interest on capital) at £3 
12s. In one day's work the plough opened 1,800 
lineal rods of drain 20 inches deep, 16 inches wide at 
the top, and 8 inches wide at the bottom, thus leaving 
room for men to follow with draining spades to the 
required depth. The cost of cutting is thus less than 
a halfpenny per lineal rod of drain ; or, 2,333 cubic 
yards of earth are cut and thrown out at a cost of 




Fig. 38. 



"Fig. 39. 
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4-lOthB of a penny per cubic yard, which shows a con- 
siderable saying when compared with manual labour. 

Quantity of Earth moved. — Mr. Denton, in his 
evidence before the Royal Agricultural Commission, 
declares that "The character of earthworks has not 
improved at all in the thirty years during which 
I have been connected with the General Land Drainage 
and Improvement Company. I find that with an- 
expert hand and good tools, a 4-foot drain may be cut 
with a 13- or 14-inch opening at the surface, tapering 
down to 4 inches at the bottom, and that then the 
quantity of earth removed is reduced to a minimum ; 
nevertheless, the same quantity of soil is still thrown 
out that used to be thirty years ago — double the 
amount that is necessary." This does not say much 
for our fine old English navvy ! 

The item of labour can easily be determined by refer- 
ring it to the standard of the value of moving a solid yard 
of earth of any one description of hardness or tenacity. 

Table of Earth-worh, — The following table gives the 
number of cubic yards of earth in each rod of drains 
of various dimensions, and will show the economy 
of guarding against needless width in digging drains. 



Depth of 
Dxain. 


Mean Width of Drains. 


in. 
7 


in. 
8 


in. 
9 


in. 
10 


in. 
11 


in. 
12 


in. 
13 


in. 
14 


in. 
15 


in. 
16 


ia. 

17 


in. 
18 


Feet. 


Cnbio Yards. 


2J 
3 

4 
6 


0-89 

1-07 
1-26 
1-42 
1-78 


1-02 
1-22 
1-42 
1-63 
203 


1-14 

1-37 
1-60 
1-83 
2-29 


1-27 
1-53 
1-78 
2-04 
2-54 


1-40 
1-68 
1-96 
2-24 
2-80 


1-53' 1-65 
1-83 1-98 
2-14 2-32 
2-44 j 2-65 
3-05 3-31 


1-78 
2-14 
2-49 
2-85 
366 


1-91 
2-29 
2-67 
305 
3-82 


2-04 
2-24 
2-85 
3-26 
4-07 


216 
2-60 
3-03 
3-46 
4-33 


2-29 
2-75 
3-21 
3-66 
4-58 
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ThuSy if a 4-foot drain be cut 14 inches wide at 
top and 4 inches at bottom, the mean width will be 9 
inches, and the quantity of earth excavated in cutting 
each rod will be 1*83 cubic yard; but if the same 
drain be cut 18 inches at top and 8 inches at bottom, 
the mean width will be 13 inches, and 2*65 cubic yards 
of earth will have to be removed in cutting each rod ; 
so that if the digging of the drain costs 2d. per cubic 
yard of earth moved, the narrow drain will cost 3|c?, 
per rod, and the other nearly b^d. per rod, showing the 
cost to be almost doubled quite unnecessarily. 

The same table will be found useful in helping to fix 
the relative prices of deep and shallow drains ; but it 
must be recollected that the deeper drains will be 
increased in cost not only by reason of the greater 
quantity of earth which has to be moved, but also because 
of the increased labour of lifting the earth to the 
surface from a greater depth. 

Sujyervision and Maintenance of Drainage Works, — 
As land drainage, if well done, is done for a lifetime, 
it is a work which should be closely and carefully 
superintended. If the pipes are once covered all 
defects are hidden until the drains are tested and 
found wanting — hence the importance of supervising 
the work as it proceeds. But the need of supervision 
does not end here. Mr. Bailey Denton rightly says 
that much of the discredit and unpopularity attending 
drainage at the present day, is due to the want of 
proper supervision after the work is executed to see that 
the pipes and outfalls are kept clear. And yet the 
charge of 2d. per acre in several instances has been 
found sufficient to secure the proper maintenance of 
outfalls. 

Pkna of Field Drains, — "Having perfected the 
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work," says Mr, Denton, " one thing still remains to 
be done. A plan or record of the lands drained and 
the position of the drains is necessary, and in order 
that such a record may be preserved for future genera- 
tions it is desirable that a national office connected 
with the Tithe and Enclosure Commissions should be 

set apart for the purpose The cost of planning 

the drains after execution need not exceed 6d. or 9d, 
per acre where a map of the lands already exists, and 
after we have spent £5 per acre in draining, does it 
not appear the very height of folly not to preserve a 
record of so expensive an object at a cost of 6d, per 
acre ? " 
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CHAPTER VI. 

SIZE OF DRAIN PIPES. 

Influence of Length of Drain on Size of Pipe. — 
As regards the size of drain pipes it is very important 
that the capacity should be of ample proportion to 
the quantity of water they have to discharge. When 
the drains are of great length pipes of different 
diameter should be used, the larger-sized ones being 
placed at the end of discharge into the main drains. 
It is only in this way that the size of the pipe in 
every part of the drain can be proportioned to the 
greatest quantity of water which will flow through it. 
For example, if a drain is 500 yards long, and the 
distance between the drains is 8 yards, the pipe at the 
mouth must be able to discharge all the water drained 
from the 4,000 square yards of land, while at the 
middle or half-length of the drain the pipe will only 
require to convey the water from 2,000 square yards. 

Level Ground requires larger Pipes than tvhere the 
Inclination is greater. — It often occurs, too, that the 
lower part of the field is more level than the upper 
part, a circumstance which demands a larger-sized 
pipe, because the velocity is less while the discharge 
at this part of the drain is generally greater. Again, 
on lands nearly level, the diameter wUl require to be 
greater than on those of considerable inclination. 
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These are points of far greater consequence than is 
often imagined, for in very many cases the same size 
of pipe is used for all lengths of drains. 

Constrtwiion of Pipe influences discharge. — ^The smaller 
the pipe and the less the amount of water to be dis- 
charged, the greater ought to be the care in having 
pipes of perfect construction. In some trials with 
drain pipes it was found that with pipes of the same 
diameter, exactitude of form was of more importancethan 
smoothness of surface, that glass pipes of a wayy surface 
discharged less water than clay pipes of exact form. 
By passing pipes of common red clay under a second 
pressure, obtained by a machine at an extra expense of 
Is. Qd. the 1,000, whilst the pipe was half dry, very 
superior exactitude of form was obtained ; with the 
same diameter, an increased discharge of nearly one- 
fourth was effected in the same. 

Influence of Rainfall. — Great caution is needed in 
coming to conclusions as to the amount of discharge 
with a given rainfall. In some cases the drains begin 
to flow nearly as soon as the rain begins to fall, and 
cease to run immediately on its becoming fair, whereas 
in other cases the soil will absorb several hours' or even 
days' rainfall, thus protracting the flow at the com- 
mencement, but lengthening it out for several days, it 
may be, after the weather has become dry. 

Distribution of Rair\falL — The amount of water 
which falls on any field is easily ascertainable from the 
rainfall statistics of the district, and it may be cal- 
culated in gallons of quantity, in cubic feet of measure, 
or tons in weight, taking 101 tons per acre for every 
inch in depth of rain. For example, the average 
annual rainfall of England and Wales is 32 inches, 
which represents a mean quantity of 723,904 gallons. 
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or 116,114 cubic feet, or 3,232 tons per acre. But in 
conducting a work of land drainage, this knowledge of 
the average annual rainfall is of comparatively little use 
to us^ until we know also the greatest annual rainfall, 
and the greatest rainfall in any one day during the year. 
A rainfall of 32 inches per annum, if spread equally 
over a twelvemonth, gives 1,983 gallons per acre per 
day ; but the rainfall is never thus evenly distributed, 
and if the size of drain pipes were to be determined on 
a calculation of this kind, the mistake would soon 
become apparent. In many cases more rain falls in a 
single day than will fall for months afterwards. The 
distribution of rainfall in days, months, and years is 
therefore quite as important as the average annual 
amount, and can only be ascertained by careful 
observation, extending over a long period of time. 

The following data, by Mr. Philips, as to the most 
rapid rainfall in Britain, illustrates very forcibly how 
the greatest rate of rainfall diminishes according as the 
period for which it is reckoned is increased. 



Period. 


Total Depth of 
BainlSsm in Inches. 


Bate of Bain&ll. 
Inches per Hour. 


1 hour 

4 hours 

24 hours 


1 
2 
6 


1-0 
0-6 
0*2 nearly 



Augmented Bain/all of Districts. — ^It must also be 
remembered that the water in the soil may be aug- 
mented from two other sources, viz. from springs 
which burst up from below, and from moisture 
which finds its way from higher porous strata on 
to lower ground in a diffused condition. The latter is 
distinctively known amongst drainage engineers as 
water of pressure. The amount of drainage which may 
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be needed to counteract these two causes of wetness 
can only be decided on inspection. The rainfall is a 
determinate quantity and can be measured, but no rules 
whatever can be formulated as to the size of pipes 
necessary to carry off the overflow or outbursts of 
springs and of water of pressure. 

Amount of Bain/all evaporated. — Taking, however, 
all these three causes of wetness into consideration, 
we have next to estimate the amount of water thrown 
off by evaporation from the surface of soils, crops of 
all kinds and pastures, and from trees. Evaporation 
goes on at all temperatures, and in a clear atmosphere 
the higher the temperature the greater the evaporation ; 
but it is not entirely dependent on temperature ; dry 
parching winds also accelerate it. Trees are the most 
active evaporators ; they strike their roots into the 
ground, and bring up the deep waters, which are given 
off by every leaf in the form of vapour. Trees, not in 
a thick wood, have been found to throw off three times 
the weight of rainfall over the area they cover. 

In a series of experiments, Mr. Williams, of "Wor- 
cester, found the evaporating properties of the subjoined 
trees and bushes as follows. He weighed successively 
100 parts of the leaves of the oak, elm, horse-chestnut, 
poplar, ash, hawthorn, holly, and Scotch fir ; having 
secured the end of the stem of each from evaporation 
by means of gum, he subjected them for twelve hours 
to a July Sim, and found them to lose weight by 
evaporation as follows : — 



THmus Campestris . Elm . • 

Fopulus . • . Poplar 

Hippocastanea . Horse Chestnut 
Cratagus Oxycantha Hawthorn. 

Quereus Robur . Oak . 

Ilex . . . Holly 

Funis Syhestria . Scotch Fir 



LOBI. 

l-3rd of its weight (Exotic). 

l-4th „ (Exotic). 

l-6th „ (Exotic). 

l-6th „ fExotic). 

1-1 5th „ (Indigenous). 

l-26th „ (Indigenous). 

1-5 0th y, (Indigenous). 



66 



DRAINING AND EMBANKING. 



Pasturage is perhaps only second in importance to 
trees, and, in this respect, com crops may fairly be 
reckoned as long grass. But from plants of all kinds, 
from the bare soil, and from pools and streams of water, 
evaporation is continually going on. 

The mean evaporation, in this climate, during three 
years' observations, has been found to be very consider- 
able, as will be gathered from the following tabular 
statement of facts : — * 



From the snrikce 
of 


Yearly Evaporation 
in Inches. 


ComparatiTe Evapo- 
rating Power, taking 
Water as Unity. 


Water . . . 
Ordinary soil . 
Peat .... 
Silt .... 
Clay soil . . 
Long grass . 
Short grass . 
Red clover 
White clover . 


18-79 
15-12 
13-62 
14-03 
13-68 
48-16 
23-60 
63-44 
31-16 


1-00 
0-80 
0-72 
0-74 
0-72 
2-66 
1-25 
2-83 
1-65 



Amount of Rainfall absorbed. — In addition to the 
amount of water actually evaporated from the soil and 
from plants, &c., the quantity absorbed and retained by 
vegetation is very considerable. For example, a crop 
of turnips contains 90 per cent, of water, fresh meadow 

* Schubler found the evaporation from soils of various characters 
to be as follows : — 

Evaporation from 
100 parts of absorbed 
water at 65^^ Fahr. 
in 4 hours. 

Silidous sand 88-4 parts 

Calcareous sand 76-9 ,, 

Sandy day 52-0 „ 

Loamy clay 45-7 ,, 

Pure grey clay ■. 31-9 „ 

Humus 20-5 i, 

Garden mould 24*3 ,, 
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grass 72 per cent.^ and even dry hay as much as 15 per 
cent, of water. On the whole, therefore, we may assume 
that not more than from ^th to ^rd of the rain which 
falls will be left for percolation and drainage. With 
a rainfall of 32 inches, that still leaves for percolation 
and drainage from 808 to 1,076 tons per acre per 
annum. 

The power of soils to absorb and retain water is 
extremely various;* but this, though important as 

* According to Dr. Anderson, the late able chemist to the Highland 
and Agricultiual Society of Scotland, ordinary arable soil never retains 
in this way more than half its weight of water, and the lighter and more 
sandy soils much less ; while decomposing vegetable matter (pure 
humus) is capable of holding nearly four times that quantity, or about 
twice its own weight. Feat possesses this property to a still larger 
extent ; a specimen of good quality, taken from the suitace of a moss, 
has been found to retain six times its weight, or twelve times as much 
as an ordinary arable soil, and even after being squeezed between the 
hands as forcibly as possible, it still retained nearly three times its 
own weight. 

The facility with whish sandstones absorb water is illustrated by 
the quantity of water which they contain both in their ordinary state 
and when saturated. Even granite always contains a certain per- 
centage of water, and in the dry state is rarely without one and a half 
pint in every cubic foot. Sandstones, however — even those fit for 
building purposes — may contain half a gallon per cubic foot, and loose 
sands at least two gallons. 

Limestones contain very large quantities of water, not only in 
cavities underground, but in crevices of the rock, in spaces between 
strata, and in faults. Dry compact limestones contain half a gallon 
of water in every cubic foot. Bath stone contains at least a gallon 
and some magnesian limestones one and a half gallon. Chalk is as 
absorbent as loose sand, and contains at least two gallons per cubic 
foot when saturated. 

It is not easy to realise the magnitude of these quantities, although 
the results have been determined very accurately by calculation and 
experiment. If we limit our estimate to an area of chalk downs 50 
miles in length, 10 miles wide, and 300 feet thick, we shall find that 
the total rainfall on the surface (taken at 30 inches per annum) will 
amount to 225,750,000 gallons j while the water contents of the rock, 
if only half saturated, wotdd be more than 660,000,000 gallons, or 
nearly three years* total rainfEdl, and fully 12 years' average supply, 
even if there were no loss by evaporation, and no circulation under- 
ground. It must be evident, then, that there is an unlimited power 
of absorption in such rocks, and as water is distributed through them 
rapidly and thoroughly, they may be regarded as large receptades 
paxtly filled, but in which the water is constantly in circulation, rising 

B 3 
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regards water supply, does not in any way affect the 
question of drainage. For all practical purposes it 
may be assumed that after evaporation and the wants 
of vegetation have been supplied, the balance of the 
rainfall, &c., remains to be carried off by drainage. 
The rapidity with which this amount of water will 
percolate through the soil is dependent on the density 
of the soil and its affinity for water, on the depth of 
the drains, and on the distance between the drains-^or, 
in other words, the angle of inclination; but ultimately 
it all makes its exit by the drains. It is this water 
that drainage has to provide for and carry off. Yet 
cases do occur where, owing to the presence of springs 
and water of pressure, more water is sometimes dis- 
charged by the drains in a single month than falls in 
rain upon the surface of the field in a whole year. 
The only safe rule is to provide pipes of sufficient 

and falling according to the influence of past and present weather. 
The longest succession of the driest seasons can never exhaust them ; 
the heaviest rains repeated for years can never fill them. Other 
absorbent rocks exhibit the same general features in a different degree, 
and all assist in the general circulation, the water-level rising after 
rain and sinking by evaporation during drought, so as never to leave 
the surface either absolutely wet or perfectly dry. 

Schubler, in his experiments,'found that the power of soils to contain 
water was in the following degree : — 



Kinds of Eaxth. 


A cubic foot of soil weighs 


A cubic foot of 

the wet earth 

contains of water 


In the dry state 


In the wet state 


Silicious sand . . 
Calcareous sand . 
Sandy clay . . . 
Loamy clay . . 
Pure grey clay . 
Humus .... 
Garden mould . . 


lbs. 
111-3 
113-6 
97-8 
88-5 
75-2 
34-8 
68-7 


lbs. 
136-1 
141-3 
129-7 
124-1 
116-8 

81-7 
102-7 


lbs. 

27-3 

31-8 

38-8 

41-4 

48-3 

50-1 

48-4 
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capacity to carry off the greatest possible rainfall, 
&c., within the shortest period. The greatest fall 
of rain is not always in those districts having the 
greatest number of rainy days. In northern latitudes 
it has also to be considered how far the melting of 
snows may influence floods in winter or in spring. 
Very much, at the same time, depends on the porosity 
of the soil, and the rapidity with which the rainfall or 
the melting snows will percolate to the level of the 
drains. 

Conditions influencing the Size of Pipes, — It is seen, 
then, that in deciding upon the proper size of pipe 
there are a great many conditions to be taken into 
account. Amongst these we have — 

The length of the drain. 

The depth of the drain. 

The rate of fall. 

The distance between the drains. 

The porosity of the soil. 

The greatest daily rainfall. 

The water of springs, &c. 

The loss by evaporation and the requirements of vegetation. 

Size of Pipes for Minor Drains. — ^The capacity of the 
pipe should, properly, be just sufficient to carry off the 
maximum flow of water, and no larger. If too large 
it makes the flow sluggish, and is apt to allow the sedi- 
ment to lodge in the bottom of the pipes, and so 
eventually choke the drains. Mr. Parkes was a strong 
believer in the sufficiency of 1-inch pipes for minor 
drains. He found that pipes of this size, placed 24 feet 
apart and 4 feet in depth, were able to carry off a fall of 
rain equal to 2| inches in 12 hours — a rainfall which 
is quite unknown in this climate. But with different 
soils Mr. Parkes might have experienced different 
results. At any rate, practice seems to say that 1-inch 
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pipes are not reliable^ for they are sow never used. 
The sizes in general use for minor drains^ up to say 12 
or 15 chains in lengthy are either 2-inch pipes for the 
whole, or l^-inch pipes for the upper ends of the 
drains and 2- inch pipes for the lower ends. Where 
the drains are longer, 2 J or 3 inches may require to be 
used towards the outlet. Small pipes are unquestion- 
ably passing out of favour, not only with ourselves but 
in America. Professor Knapp states that at the late 
Illinois Tile-makers' Convention only two of the fifty 
firms represented were manufacturing 2-inch pipes. 

Main Drain Pipes. — For main drains the sizes 
vary from 3 inches up to 18 inches. It is usually 
reckoned, however, with our average rainfall, that — 

In day soils. In free soils. 
Pipes of 3 inches diaibeter will drain 6 acres 4 to 5 acres. 
» ^ »> . • » ^ » 6 )» 7 i> 

»> 6 )) )y 20 ,y 20 yy 22 ,y 

The main drains being receivers rather than col- 
lectors, their required capacity will always be ample if 
they are made equal to the united capacity of the minor 
drains which act as feeders to them. As, however, 
the latter seldom run full, a smaller-sized main will 
generally suffice ; but if the capacity of the latter has 
been rightly estimated, the size of the mains ought to 
be proportioned to them. 

Formula for required Size of Main Pipes. — ^The rule 
by which to calculate the size of main drain pipes is 
this: — 

The square root of the number of small pipes multi- 
plied by their diameter will give the required 
diameter of the main pipe. 
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Suppose, for example, that there are 16 small drains 
having 2-inch pipes — 

Then a/ 16 =4X2 = 8 inches, 

is the size of pipe required in this case. 

Flow of Water through Pipes, — In any calcula- 
tions as to the discharge of water through pipes of 
a given size, it is assumed, of course, that the pipes 
run full, that they are free from twists, straight, 
smooth, and accurately laid. Even then, water flow- 
ing through them has to overcome the opposing forces 
of friction, adhesion, and the action of water entering 
the drain. *' Friction will be inversely as the diameter 
of the pipe, and the other forces directly as the agita- 
tion of the flowing current. The velocity of the water 
in difierent drains will consequently be as the square 
roots of the respective sizes of their angles of inclina- 
tion, minus the effect of these counteracting forces." 
Velocity depends not merely on the amount of fall or 
inclination given to the drain, but also on the pressure 
or head of water behind it. 

The formula for the discharge of water through 
straight, or nearly straight, long lengths of circular 
smooth pipes is — 

17-03 V^ 

d being diameter in inches, 1 length in yards, and h 
head in feet, the discharge being in gallons per minute. 
Assuming that a 12-inch pipe with a fall of 1 foot 
in 1,100 yards runs full, the discharge will be — 

17-03 A / 248832 X 1 — 7-03 X 15 = 255-45 gallons per minute, 
V 1100 

or say 250 gallons per minute, equal to 15,000 gallons 
per hour. 



62 



BRAINING AND EMBilKKINO. 



Area or Pipes of biffebsnt Diameter. 



Diameter 

in inches. 

1 

H 
2 

2i 
3 

H 

4 
6 

6 

7 
8 



Area in 


Diameter 


sq. inches. 


in inches. 


•7864 


9 


1-7671 


10 


3-1416 


11 


4-9087 


12 


7-0686 


13 


9-6211 


14 


12-666 


16 


19-635 


16 


28-274 


17 


38-484 


18 


50-265 





Area in 
sq. inches. 

60-617 

78-540 

96-033 

113-097 

132-732 

163-938 

176-716 

201-062 

226-980 

264-469 
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CHAPTER VII. 

LAYING PIPES. 

Arrangement as to laying Pipes.^^ThQ lajring of 
the pipes should be confided to a careful and trust- 
worthy workman, who is paid day's wages, as more 
attention in the performance of the work is then 
insured, than when it is done by the drainer as piece 
work. In any case, it is best to have the drains cut 
and filled by one party, and the pipes laid by another. 
The pipe-layer must be very particular that the drains 
are of the stipulated depth, the bottoms true and 
smooth, and the fall properly graduated, before he lays 
a single pipe; and after laying the pipes, it should 
also be his duty to put in the first covering of earth, 
say 3 or 4 inches deep — "blinding'' it is called — 
so as to prevent any displacement of the pipes when the 
digger comes back to hurriedly fill in the drain. 

Imperfect Pipes to he rejected. — As many pipes 
are found to be more or less warped, great atten- 
tion is demanded in laying them ; such pipes being 
apt to alter their position after the earth is again filled 
in, if not well and carefully laid. If a joint is too open, 
and any two pipes will not fit properly, the workman 
must take out the last laid pipe and try another. 

The Pipes to be laid on a Smooth Bottom. — ^A 
very small pebble in the bottom of a drain will some- 
times prevent a pipe being laid securely. Or it may 
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haye happened that the digger found it necessary 
to remove a small houlder from the bottom^ thus leaying 
a depression some inches deep. All such hollows should 
be rammed, full of hard earth before the pipes are laid, 
so that one end of the pipe laid oyer it may not be 
forced down by the superincumbent pressure, and so 
destroy the continuity of the channel. The pipes 
should be laid as close and tight as possible, and the 
clay carefully packed around them, to keep the fine 
particles of earth from washing in. There is no danger 
that the water will not find its way in* As we haye 
seen elsewhere, the inlet area, eyen in the case of the 
most closely-laid drain pipes, is many times greater 
than the outlet area of the pipe at the mouth of the 
drain. 

Packing. — It is frequently recommended to pack 
sod or turf around and oyer the pipes to keep out sand 
and silt ; but this practice is far more likely to 
aggravate the mischief than prevent it. The finest 
particles of soil are contained in the top spit, and turf 
or soil is so porous, that, when laid immediately over 
the pipes, the silt is straightway washed into the drain. 
In draining quicksands, alluvial deposits, and the like, 
the only safe plan is to cover the pipes lightly with 
clay or some solid earth.* In draining the Morecambe 
Bay intake the pipes were embedded in peat moss, to 
prevent the fine sand filtering into them. It is dso 
well, in cases of running sands, or other strata of a 
yielding watery nature, to have the drains bottomed 
out very quickly, and the pipes immediately laid and 
covered, so that there may be no displacement of the 
pipes, by the rising of the bottom or the falling in of 
the sides. 

* In such circumstanoes the me of collars may be adrantageons. 
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Instruments for laying Pipes, — The common pipe- 
layer (Fig. 40) is an instrument invented by Mr. Parkes, 
and is specially adapted for laying round pipes in deep 
and narrow trenches. The workman, standing on the 
bank or edge oi the drain, hooks up a pipe and deposits 
it easily and accurately in its right place. On hard and 
stony soils, however, where the ground is full of small 
stones and gravel, and where, consequently, 
the bottom of the drain cannot be cut the 
exact width of the pipe, and the channel 
is less true, it is almost impossible to lay 
pipes satisfactorily by this iustrument. 
In such places, unless laid in collars, or 
carefuUy placed in clay, the pipes are very 
apt to get out of place and thereby 
effectually stop the drain. 

In order to obviate this difficulty, and 
also to prevent the workman displacing 
the pipes at the moment of packing, Mr. 
M'Adam, of Bath, contrived an instrument 
for laying pipes which rendered this dis- 
placement impossible. This instrument 
is sketched in Fig. 41, and consists of a 
rod of dry ash seven feet in length, and 
the diameter just small enough for the 
pipes to thread easily into it, with a 
socket and handle at one end — the 
latter of ^ iron, 9 inches in length, and ^ig- 40. 
terminating in an eye, set at right angles to the handle, 
for receiving the rod. 

" On the rod so fixed, thread six pipes, when three 
inches of the rod will remain uncovered ; lower the 
whole into the drain by means of the bent handle, 
passing the three inches of uncovered rod into the last 
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pipe in the drain. Leave tlie six pipes and the machine 
as they are, in the bottom of the drain, and pack them 
down firmly with the material excavated from the 



Fig. 41. 

drain, even to ramming or treading it in, for it is im- 
possible to displace the pipes by so doing. Then, 
having packed them tightly, withdraw the machine by 
means of a long cord, previously hooked to the eye in 
the socket, standing at some distance up the drain : 
thread on six more pipes, and proceed as before.'* 

Where to begin laying the Pipes. — In laying pipes 
with either of the above-mentioned implements, it 
is best to begin at the lower end of the drain and work 
up the hill. Where the pipes are laid by hand, how- 
ever, this plan is just reversed ; it is then found better 
to begin at the top, and lay the pipes down the hill, 
the workman walking backward in the trench, and 
taking the pipes from the bank, where he had previously 
placed them so as to be conveniently within his reach. 

Cost. — ^Pipe-laying, as already said, is best done at 
day's wages ; but it is often done by the piece. Where 
piece-work is preferred, the price paid in this country 
varies from one halfpenny to one penny per rod, of 
5J yards, according to the character of the trench 
bottom. A workman good enough to be entrusted 
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with pipe-laying will expect to earn at least 4«. per day, 
so that at id. per rod he ought to be able to lay at 
least 96 rods of drain in a day, and at a Id. per rod not 
less than 48 rods. The price is the same whether 
the pipes are laid by hand or by the aid of the pipe- 
layer. 

Junctions. — The junctions between the pipes, of 
both small and main drains, should be very carefully 
made. Junction pipes for the purpose, that is, pipes 
having the first branching pipe of the parallel drain 
fixed to the pipe of the main drain, should be got from 
the tile- works. If it is impossible at any time to obtain 
these junction pipes, the holes into the leading pipes 
require to be fitted very exactly, and clay firmly 
rammed all round about. The man laying them should 
carry a tool for dressing warped pipes, and a sharp 
chisel and mallet for taking out holes. A miniature 
pick-axe is often used for these purposes, and is at the 
same time useful for smoothing any irregularities that 
occur in the bottoms of the drains. 

Junctions should not be made at right angles. This 
impedes the fiow. It has been found, for example, that 
where the resistance due to a junction at right angles 
was 316, that due to a curved junction of 5 feet radius 
was 146, while that for a curved junction of 20 feet 
radius was only 100 ; thus showing the increase of 
resistance with a junction at right angles to be over 
200 per cent, over the junction of 20 feet radius. 

But this is not all ; attention should be paid to the 
manner in which the curved junctions are laid down. 
Thus it is too frequently the way to join the curve to 
the pipe by a hole placed in the middle of the periphery 
of ^the latter, instead of level with the bottom. The 
gain of efiective discharge by the adoption of curved 
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junctionB over junctions at right angles^ is in many 
cases rendered nil by neglecting to join the curve at 
the bottom of the pipe. 

Ch'der of Working. — The rule in making drains 
is to begin with the complete formation of the main 
drain^ and then proceed with the parallel drains^ &om 
the point where they enter the main drain to their 
upper extremity. In filling up^ the order is reyersed, 
and the completion of the drain commences at the 
upper end^ and proceeds to its termination at the 
entrance with the main drain. It is desirable to have 
the entire length of the drain opened before any portion 
of it is filled in, so that a right inclination may be 
secured ; but whether this can be done or not depends 
on the nature of the soil. If the sides will not stand, 
the pipes must be laid, and covered in immediately 
the digging is finished. 

Mlling-in Drains. — The earth when returned to the 
trench after the pipes are laid should occupy the same 
position as it did before it was excavated, that is, the 
top spit which was first in the digging should be 
the last to be filled in. It is a mistake to believe that 
the bottom clay will do harm if put next the pipes. 
The air which enters the soil through the pipes will 
soon oxidise the clay and prevent it from either crack- 
ing or puddling. The earth as it is filled in should be 
well packed and rounded up to the land level, so that 
no open channel remains to draw ofE water from the 
surrounding surface. On old grass lands a hal^enny 
per rod extra is usually allowed for replacing the 
turf. 
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The cost of draining is principally dependent upon the 
labour of cutting and filling the drains, the material 
composing the drain, and outlet for discharge. This 
last varies with the ground, and can only be included 
in a general estimate where the surface is undulating. 
It was formerly held that the cost was equally divided 
between the labour and material, but with the introduc- 
tion of drain pipes, and especially since the improve- 
ments in making them, there is a considerable balance 
in favour of material. 

The following table shows the number of rods and 
the number of pipes per acre, with drains at various 
distances apart : — 



DiBtance 


Bods 


between 


(5* yds.) 


theDrainfl. 


per acre. 


Feet. 




15 


176 


18 


146 


21 


125 


24 


110 


27 


97 


30 


88 


33 


80 


36 


72 


39 


67 


42 


62 



12-mch 
pipes. 



2,904 
2,420 
2,074 
1,816 
1,613 
1,452 
1,320 
1,210 
1,117 
1,037 



13 inch 
pipes. 



2,680 
2,234 
1,915 
1,676 
1,489 
1,340 
1,219 

1,117 

1,031 

958 



14-inch 


15-inch 


pipes. 


pipes. 


2,489 


2,323 


2,074 


1,936 


1,778 


1,659 


1,556 


1,452 


1,383 


1,290 


1,244 


1,161 


1,131 


1,056 


1,037 


968 


957 


893 


888 


829 
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'^ The difierences in the quality of soils, that lead to 
differences in the depth and distance of the drains^ are 
also such as to affect the cost of digging the drains. 
An increase of depth necessanly causes an increase of 
cost^ from the circumstance of more earth having to be 
moved. But the same reason that causes drains to be 
made closer^ namely^ the stiffiiess of the soil^ renders 
them more difficult to dig^ and hence increases the 
price of digging. This will explain how it happens 
that the cost per rod is often greater, not only as the 
depth increases, but as the distance of the drains is 
less. Of two soils drained at the same depth, the expense 
of draining a rod (provided both are alike free of stones 
and boulders) will be least in that where the drains 
are farthest apart, which is where the soil is of the 
freest or least tenacious description." 

The cost of cutting and filling varies from 4td. to 1«. 
per rod of 5J yards, according to the depth of the 
drain and the hardness of the substrata. In Glou- 
cestershire at the present time 3-feet drains cost from 
6d. to 8d.f and 4- feet drains from 8d. to lOd. per rod. 

From Banffshire, Mr. C. Y. Michie writes : " Drain- 
age work is now from 10 to 15 per cent, cheaper 
than it was three years ago. The present prices for 
3|-feet drains in Banffshire, including cutting, laying 
tiles, and filling in, is from 13s. to 17s., according to 
soil, per 100 yards.'' Reducing Mr. Michie's yards to 
rods, and deducting Id. per rod for pipe-laying and 
finishing, the cost of cutting and filling, as given by 
him, is found to be 7^d. to 10|c?. per rod. 

In his evidence before the Royal Agricultural Com- 
mission Mr. Bailey Denton, speaking as to the cost of 
drainage, says : " When I began draining in 1849 I 
was paying Id. per yard run for 4-feet drainage. That 
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is bj^d. a rod of 5| yards. I now pay 7d. to 8d. a rod 

for the same thing I slrould say that the 

increased cost of draining has been 35 per cent.'' 

Suppose the drains are made 3 feet deep^ and cutting 
and filling costs 7d. per rod^ then the 

Cost pbr Agbb at diffbbext "Widths will be : 





18 feet 
apart. 


21 feet 
apart. 


24 feet 
apart. 


27 feet 
apart. 


SO feet 
apart. 


88 feet 
apart. 


Cutting and filling 

Pipes, 14 in. long 1 
and 2 in. dia. at 
25«. per 1,000.. 

Allowance for ) 
mains and out- > 
lets ) 

Pipe-laying, at Jrf. i 
per rod ...... j 

Cartage ! 

Superintendence . 


£ ». d. 

4 5 2 

2 11 10} 

3 6 

9 li 

4 3 
4 9 


£ a. d. 
3 12 11 

2 4 5} 

3 9 

7 10 

4 
4 6 


£ a. d. 

3 4 2 

1 18 10} 

4 

6 10} 

3 6 
4 3 


£ a, d. 

2 16 7 

1 14 6} 

4 3 

6 0} 

3 3 
4 


£ a. d. 

2 11 4 

1 11 1 

4 6 

5 6 

3 
3 9 


£ a. d. 

2 6 6 

1 8 3} 

4 9 

5 

2 9 
3 6 


Total £ 


7 18 8J 


6 17 5} 


6 18 


5 9 11} 


4 19 2 


i 10 9} 



The cost per acre^ it is seen, ranges on the above 
scale from £4 10s. 9Jrf. at 33 feet apart, to £7 18s. S^d. 
at 18 feet apart. Deeper drains in hard soils will cost 
more in cutting; but upon easy digging soils 3-feet 
drains will be accomplished at considerably less than 
7d. per rod. 

Drainage Companies' Charges.^^JJnder the Public 
Money Drainage Act of 1846, Land Improvement Com- 
panies have imdertaken and carried out a great deal of 
the land drainage that has been done in this country. 
These companies have undoubtedly afforded great 
facilities to landlords who wished to borrow money for 
the improvement of their estates. 

The charges made by these companies are moderate. 
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1847, which I find in one of the blue-books of that 
period, and a petition annexed to it, contain a series 
of resolutions on the subject, amongst which are the 
following : — 

" That one of the greatest difficulties with which the 
planters have to contend is, that the system of drainage 
in universal use in the colony is only adapted to a 
state of society such as existed prior to the emancipa- 
tion, when manual labour for every field operation was 
abundant, effective, and cheap. 

" That this system of drainage, known as the open- 
drain and round-bed system, is altogether incompatible 
with the employment of cattle labour, the use of the 
most approved implements, and with the introduction 
of the numerous improved methods of agriculture so 
well known elsewhere, and which, but for this ob- 
struction, would be at once gladly adopted. 

" That it can be shown that, were the planters enabled 
to adopt a more perfect system of drainage, admitting 
of the ' thorough-drainage,' and laying flat of the sur- 
face of the cane-fields, many of the difficulties under 
which they at present labour would be obviated. 

^^That it is the opinion of this Court that the follow- 
ing, among other advantages, would accrue : — 

" (1.) The general use of cattle labour and imple- 
ments, whereby the present difficulties in respect of 
high-priced, ineffective, and incontinuous labour would 
be greatly reduced. 

" To illustrate this point more fully, your petitioners 
may state that in the best farmed districts of Scotland, 
on a liberal computation, which embraces both green- 
crop weeding and harvest work, six adults, with four 
good Clydesdale horses, two ploughs, and the other 
implements corresponding to the two ploughs, are 
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known to labour 100 acres on the four-course rotation. 
In tliis colony, to cultivate 100 acres and manufacture 
the produce, fifty negroes, working well and continu- 
ously, are required. But as the Scotch labourers only 
partially manufacture the produce, and our labourers 
both cultivate the sugar-cane and manufacture the 
sugar, it is but fair to double the number of Scotch 
labourers per 100 acres, to secure a fair comparison. 
Hence it follows, that the four horses, two ploughs and 
corresponding implements, effect a saving of thirty- 
eight labourers per 100 acres of cane cultivation and 
manufacture, a saving which it is obvious that no 
measure of immigration can possibly supply to the 
colony at the same cheap rate, even if it were otherwise 
equally valuable. 

" (2.) That the introduction of all the well-known 
improvements in agriculture applicable to the colony, 
as appears both from a consideration of principles 
and from the experience of other colonies, would be 
rendered in this colony practicable and easy. 

" (3.) That the quantity of the produce would be 
increased, and its quality improved. 

" (4.) That cane cultivation would be less liable to the 
eflTects of protracted wet and drought, which at present 
occasionally interfere with the large returns which might 
otherwise with considerable confidence be relied on. 

" (5.) That the effect on the labouring classes them- 
selves, of substituting improved implements for the 
present very imperfect methods, would be highly bene- 
ficial, and would tend to improve and elevate the con- 
dition of such especially as already possess small lots 
of land, the want of efficient drainage being a main 
cause of the very limited and imperfect cultivation of 
almost all such lots. 
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" (6.) That improved drainage and cultivation of the 
soil would be found to prevent disease^ to moderate 
the virulence of epidemics^ and to improve the general 
health of the community/' 

In forwarding the Resolutions and Petitions to Earl 
Grey, who was then at the Colonial Office, Governor 
Light warmly supported them in his accompanying 
despatch, and earnestly recommended the subject to 
his lordship's favourable attention. 

Earl Grey's refusal to support the petitions to Par- 
liament caused the colonial ardour for tile-drainage 
to subside as rapidly as it had arisen. Without de- 
bating the policy of such a loan, there is no reason to 
doubt that, had it been granted, the planters would 
have earnestly set about the Work of tile-drainage, and 
speedily have solved for themselves all the difficulties 
in the way of its successful application. But it was 
fated to be otherwise. The loan for drainage was not 
forthcoming from the mother country, and the colonists 
turned their whole energies in the direction of immigra- 
tion, on which, though only affording a temporary 
solution of the difficulty, they were not slow to provide 
and to expend much more than the amount of the loan 
they had asked for to enable them to tile-drain their 
lands. The La Penitence experiment was neglected, 
or imperfectly carried out, and it seems to have been 
abandoned altogether at the end of the second year, 
after some 5,000 dols. had been uselessly expended 
upon it. But having quoted Mr. McRae's account of 
the early part of the experiment, let me give the 
conclusion of it in his own words. 

** During the second year," he says, "the drains 
began to exhibit symptoms of silting; and notwith- 
standing the reservoir being kept pretty clear of water 
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iu Demerara is immaterial. Little or ^^^^ g^cceedi^^ 
to have been done at it during the ^^/^^^y pTogrea^^| 
1846. Since 1866,however, it has gr^^^ inconsidexctVi 
until at length it begins to assuxxi® ^^^^ P^^lxec 

proportions. But even now, ther^ 
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more than 2,000 acres tile-drained, out of some 150,000 
acres under cultivation in the colony. 

Ohjectiom against Tile Drainage answered. — ^There is 
no doubt that pipe drains, under the Demerara con- 
ditions of soil and rainfall, are very liable to get 
choked up with silt. But it is obvious that silt can 
only enter the pipes by one of two ways — either down- 
wards through the superincumbent soil, or from the 
mouth of the drain. If the silt enters the pipes from 
above, the presumption is that the drains are too 
shallow, or that the pipes have been improperly laid; 
and the remedy will be either to deepen the drains, or 
to secure the pipes by laying them in collars, or by 
packing them around with clay. If the silt enters the 
pipes by the mouths of the drains, there are also two 
ways of effectually guarding against it: first, by 
trapping the mouths of the drains ; second, by always 
keeping the water in the drainage canals at a lower 
level than the drain outlets.* 

The remarks of Mr. McRae show that in the La 
Penitence experiment the silt entered the pipes by the 
mouths of the drains, and not from the soil above. If 
the latter had been the case, the silt would have accu- 
mulated towards the mouth of the drain; but Mr. 
McEae says that the silt was greatest at the upper end 
of the drain, and that it gradually diminished towards 
the lower end, which is proof positive that it must 
have entered by the mouth of the drain. This being 
so, it could have been prevented by trapping the drains, 
or by constantly keeping the water in the drainage 
canals below the level of the drain pipes — by natural 
means if possible, but by the aid of machinery if needful. 

* As an additional precaution, it may be wise to have one or more 
deposit cisterns built in the drain, to catch any silt that may enter the 
pipes. 
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Another objection, urged against tile drainage in 
Demerara is, the excessive humidity of the climate, and 
the declared impossibility of underground drains to 
carry off the immense rainfall with sufficient rapidity. 
It is thought, by those who argue thus, that there is 
nothing to equal the capacity of open drains and ditches 
for storing water. This of course is entirely to mistake 
the purpose of a drain. Yet, if it comes to be a question 
of storing the water, the body of the soil, aerated to a 
depth of 3 or 4 feet, has a far greater capacity than 
any number of open drains. All that is required is to 
keep the cask running, so as to renovate day by day 
the water contained in the soil ; and this will be found 
advantageous to the planter in more ways than one. 
It has been calculated that no less than one-fourth the 
entire bulk of a moderately well pulverised and moist 
soil is made up of contained air, so that every foot in 
depth of this soil is capable of facilitating the escape of 
water from the surface to the extent of 18,817,920 
.cubic inches of rainfall per acre. Therefore, apart 
altogether from the benefits resulting from the renova- 
tion of water in a soil, which subsoil drainage alone 
effects, the open-drain system is not the best one for 
dealing with a heavy rainfall. 

The want of a good outfall is also alleged to be an 
insuperable obstacle to subsoil drainage in Demerara. 
This, however, does not weigh more against covered 
drains than against open drains. Whatever natural 
drainage there is, it will serve as well for the one 
system as for the other ; and the necessity for aiding 
the discharge by means of machinery is not at all 
increased by the adoption of underground drainage. 

Natural Drainage.-^Oix. the coast of British Guiana 
the land level, as already mentioned, is about 4^ feet 
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below the level of high water. The following section. 
Fig. 47, shows the relative levels of the land and of the 
sea at low water. Spring tides rise from 8 to 9 feet, 
and neap tides 4 to 6 feet. The average rainfall of 
the colony, from observations during ten years, is 102 
inches; the maximum annual rainfall in that period 
being 133 inches and the minimum 68 inches. A fall 
of 6 inches of rain in 24 hours is not unknown in 
Demerara, and this is in fact the amount of drainage 




, JZzue^ Ikdulating Cxin/ry^ ffigk 
33 M1LE| ! r. 

Fig. 47. 

water which has to be provided for where the discharge 
is entirely dependent on-natural means. The propor- 
tion of the rainfall which is absorbed and evaporated is 
scarcely appreciable,* even in that tropical climate, 
during a succession of rainy days, although it amounts 
to a great deal annually, so that the maximum rainfall 
during any one day is practically the amount of 
drainage water which has to be discharged from the 
embanked area. The quantity of water, therefore, 
which in this case has to be stored up till the drainage 
can be opened in the period of any one tide, can seldom 
or never exceed a rainfall of 1^ inch, which on an 
estate of 600 acres will be equal to 2,733,750 cubic 

* The greatest eyax)oratio]i in 24 hours, during three years* obser- 
vation, was "210 inch. 
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feet. This is an excessive estimate, perhaps, even for 
Demerara. In the United Kingdom the greatest rain- 
fall to be provided for in a similar period of time 
woidd not exceed half an inch per acre. 

Where less than this amount of water can be retained 
within the enclosure, in the drainage canals and in the 
pores of the soil, during high water without submerging 
the drains, some mechanical means will have to be 
employed, if the land is to be perfectly drained. It is 





Fig. 48. 



Fig. 49. 



well, however, in all cases, to take advantage of natural 
drainage as far as possible. 

The Sluice or jrofe>\— The drainage outlet is either 
a sluice, or a cylindrical iron tube or koker. The latter 
is fitted with a self-adjusting valve door on the outer 
end,, and is usually made 6 feet in diameter, thus 
affording a sectional area of 28-274 square feet (Fig. 48). 
The sluice is a vertical doorway, or sliding valve, of 
timber or iron, moving in guides, and set in a rect- 
angular passage of timber or masonry, the valve being 
worked by a winch and racket, or by gallows-posts and 
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windlass (Pig. 49). It is usually made to open 13 feet 
at the base, so that with 6 feet of water on the ciU, 
the sectional area is 78 square feet. With the same 
periphery the circular koker, if it runs full, will carry 
more water than the rectangular sluice; but with a 
small run of water the sluice, with its flat base, has a 
decided advantage. 

Number of Sluices, — One or more large sluices, of 
the above size, will generally be preferable to a greater 
number of smaller ones. The expense of these large 
sluices, and also their danger from the sea, is against 
them; but the consideration of their stream being 
powerful enough to keep open the channel to sea is in 
their favour. In Demerara a single koker usually 
serves to drain a whole estate, which may be from 500 
to 2,500 acres in extent. But the number of acres to 
be drained by one koker or sluice must be a matter of 
local experience, as it depends on many conditions 
besides the sectional area of the water-way. 

Level of Sluice CilL — The level at which a sluice 
or koker is put in is a point of great practical import- 
ance. Where the land is at a very low level, and there 
is sufficient current to keep the cill of the sluice free 
from silt, the ciU may be laid at the level of low- water 
mark. If there is no current, however, the cill of the 
sluice should be placed as far above this level as is con- 
sistent with a proper depth of the trenches. It is 
doubtfal if, under any circumstances, anything is 
gained by having the cill of the sluice below low- water 
mark. This, however, is often done, with a view to 
deepening the trenches within the embankment; but 
as by so doing the head or pressure of water is not 
increased, there is no advantage. On the contrary ; 
by lowering both the trenches and the cill of the sluice. 
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the length of run between tide and tide is shortened, 
and the water, in times of heavy rains, will then actually 
stand higher in the drains than if the cill of the sluice 
had been at low-water mark. The maximum run of 
from 6 to 7 hours is only obtainable by having the 
bottom of the front draining trench somewhat above 
the level of low water. The cill of the sluice should be 
as nearly as possible on the same level. Tidal lands, 
unfortunately, are seldom elevated enough to admit of 
this, but in proportion as the cill of the sluice is lowered 
to low-water level, or below it, the run is shortened, 
and at neaps, or when the tide is kept up by winds, the 
drainage is liable to be greatly interrupted. 

Forcing an Outlet. — On nearly all tidal lands the 
natural drainage is frequently impeded by the tides 
bringing in drift mud, which fills up the sluice 
channel, and it is a matter of the first moment to keep 
this channel open. The straighter and the deeper the 
outfall channel is, the greater and quicker will be the 
discharge of water. A mode of forcing drainage has 
been introduced on some of the Demerara Estates, 
by Messrs. Fowler & Co. of Leeds, and is simply as 
follows : — ^A wire rope is laid down the full length of 
the water course to be cleared and is anchored at the 
far end. One or more punts, each fitted with an 
engine and clip pulley, run along the rope, in a similar 
way to the chain haulage on canals. Behind the punts 
is attached a set of harrows, which stir up the mud, 
which in the current of the receding tide is carried out 
to sea. In this way a channel is made and is afterwards 
kept clear. 

The above-mentioned plan of forcing drainage is 
not so eflfectual as having artificial scours by means of 
reservoirs, relieving basins, or canals and sluices. A 
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canal extending -perhsLps miles in lengthy and contain- 
ing rast quantities of fresh or sea water, if kept fall 
and let off at low water, is able to continne ronning in 
plenty for a considerable tune with great velocity, and 
has a very powerful effect in clearing the channel. 

The early settlers in Demerara adopted this plan. 
In laying out their plantations, a space was left 
between eyery second estate for a Company canal, which 
was made available both for forcing drainage and for 
facilitating navigation. When the water from the 
creeks or lakes behind the estates gave out in dry 
weather, advantage was taken of the tidal water to £11 
the canals. These Company canals, as they are called, 
are of the greatest value in helping to maintain an 
efficient system of natural drainage ; and recent efforts 
to improve the drainage of estates have been wisely 
turned in this direction. 

Mechanical Drainage. — If, after taking every pre- 
caution to ensure good natural drainage, this fails to 
keep the level of the water in the trenches sufficiently 
low to admit of a free and continuous run from the 
field drains, the natural drainage must be supplemented 
by mechanical agencies. 

On many of the Demerara estates the drainage is 
now entirely effected by steam power, but this is not 
to be recommended. Mr. Bussell, a leading planter in 
the colony, puts the first cost for draining plant and 
engine, equal to the drainage of 600 acres, at not less 
than £5,000, and the annual charge attending the 
same at £2 per acre, viz. 24s. per acre for fuel and 
labour and working, and 16s. per acre for interest on 
capital and wear and tear of machinery. 

This shows the necessity for taking advantage of 
natural drainage as far as possible, and of putting the 
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draming-eDgine to other uses Tvlien it is not required 

for pumping. 

The most economical plan of conducting drainage in 

this manner, " is to provide reservoir room for the 

greatest floods, and pump constantly at an uniform 

rate. To provide for the repair of engines, and for 

accidental stoppages, engines are required in reserve, 

of power equal to from one half 

to the whole power of those that 

are kept at work." * 

The centrifugal pump (Fig. 50) ' 

is specially adapted to the lifting of I 
large bodies of water to moderate 
heights. Its essential parts are — 
(1) the wheel to which the water 
ia admitted at the axis, and from 
which it is expelled at the cir- 
cumference, by the centrifugal 
force due to the rotary motion imparted to it in passing 
through the rapidly revolving wheel ; and (2) the 
casing or box in which the wheel works, and by which 
the entering water is separated from that discharged. 

One of Appold'a centrifugal pumps, 4 feet 6 inches in 
diameter, employed in draining Whittlesea Mere, and 
in keeping up the drainage of 3,000 acres of Fen land, 
discharged 16,521 gallons of water (equal to 74J tone) 
per minute, with a lift of 5 feet. The pump in this 
case was worked by a 25-hor8e-power engine, and used 
on an average 60 hours a week ; the coat, including coal, 
oil, repairs, and engineman's wages, was less than 2iL 
per hour for every horse-power employed. The cost of 
draining the 3,000 acres was thus £675, being 4s. 6rf. 
per acre per annum. 

* Bankinc. 
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The great rotary pump, wIucIl discharged the enor- 
motis cascade of water at the " Centennial " Exhibition 
at Philadelphia, was able to throw 100,000 gallons per 
minute. The principle upon which this powerful pomp 
works is that of an ordinary propeller shaft. It is 
rotated by means of a pulley and a belt from an engine. 
The shaft is enclosed ia an 
iron casing or tube, and the 
water is forced up the out- 
flow pipe. Fig. 51 shows a 
section of this pump. 

"Both in this country 
and in Holland, windmills 
were formerly much used 
for working drainage pum ps. 
This is of course a cheap 
motor, but experience has- 
shown that the power is too 
variable to be reKed upon 
for keeping the water to a 
certain level, which is es- 
sential for successful agri- 
cultural operations; hence 
many of the older windmills 
have been abandoned and 
replaced by steam-engines, 
j.j„ gj or, if the windmills are 

retained, they are only used 
occasionally. The cost of maintenance of old mills, 
however, ia so heavy, that it is often found more econo- 
mical to take them down and work the pumps by steam. 
Even in countries such as Egypt, where cotd costs from 
£2 to £3 per ton, or even more, and where there is a 
steady breeze for several hours almost every day, the 
windmill is too uncertain a motor to be universally 




UBUMAQE OF TIDAL LAKD3. 95 

employed. Many other instances tmglit be adduced, 
bat the two extremes, Holland, where coal is relatively 
cheap, and Egypt, where it is dear, will probably 
suffice to show that there are comparatively few con- 
ditions under which wind power can be economically 
employed for drainage." 

For low lifts, BCoop-wbaelB, worked either by 
steam power or by windmills, may sometimes be use- 
fully employed instead of pumps. The slow speed of 




Fig 52 
working and the ample wearmg surfaces are m favour 
of a low cost of maintenance ; but the first outlay will 
be less for a centrifugul pump than for a scoop-wheel of 
equal capacity. The Sash-wheel is much used in the 
Fen districts for raising water rapidly short distances. 
"It is like an undershot- wheel with its motion reversed; 
in Fig. 53 the arrows show the direction of the current 
when driven upwards. It must of course be made to 
fit the channel closely, without touching and causing 
friction. In its best form, its paddles incline backward, 
BO as to be nearly upright at the time the water is dis- 
charged from them into the upper channel. It has been 
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mucli used in Holland, where it is driven by windmills, 
for draining the surface water off from embanked 
meadows. In England it has been driven by steam- 
engines; and in one instance, an SO-horse-power engine, 
with 10 bushels of coal, raised 9,840 tons of water 6 
feet and 7 inches high in an hour. This is equal to 
more than 29,000 lbs. raised one foot high per minute 
by each horse-power, showing that very little force is 
lost by friction in the use of the flash- wheel." * 

A different example of draining by power is exhibited 
on the Middle Level Drainage Canal, where the waters 
are discharged over the top of the embankment 
through 16 parallel syphons, each 3J feet bore, and 
1| inch thick. The summits of the syphons are 20 feet 
above, and their lower ends 1| foot below, low water of 
spring tides. They have flap-valves opening down 
stream at both ends, and the lower valve can be made 
fast with a bridle when required. The air is ex- 
hausted from their summits, when required, by an air- 
pump having three cylinders of 15-inch diameter and 
18-inch stroke, driven by a high-pressure steam-engine 
of 10-horse power. The flow of the canal at the inlets 
and outlets is protected by a wooden apron. 

Tides. 



Lunar hours 

after high 

water. 


Time commonly called 




li 
-3 

^ 

6 

7i 
9 

10} 

12 


High water. 
Quarter ebb. 
Half ebb. 

Three-quarters ebb. 
Low water. 
Quarter flood. 
Half flood. 

' Three-quarters flood. 
High water. 



♦ Thomaa's "Farm Implements.'' 
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Table fob findtng thb Height of the Tide at any Intermediate 
Hours ok Half-houes before or after High Tide. 



Range 


h. m. 
6 

ft. in. 
8 


h. m. 

6 30 

ft. in. 

7 10 


h. m. 
5 

ft. in. 
7 4 


h. m. 
4 30 

ft. in. 
6 9 


h. m. 
4 

ft. in. 
6 


h. m. 
3 30 

ft in. 
5 


h. m. 

3 

ft. in. 

4 


h. m. 

2 30 

ft. in. 

3 


h. m. h. m. li. m. 
2 1 30 1 

ft. in. ft. in. ft. in. 

2 13 8 

1 


h. m. 
30 

ft. in. 
2 


High- ) 
water / 




9 


8 9 


8 3 


7 7 


6 8 


5 8 


4 6 


3 5 


2 4 


1 5 


9 


3 




10 


9 9 


9 2 


8 5 


7 6 


6 3 


5 


3 9 


2 7 


1 7 


10 


3 



The firdt column gives the several ranges of high water ; the low 
water is supposed to be zero at 6 hours after high water. 



CHAPTER X. 

EMBANKING. 

The work of embanking may be considered under three 
beads. 1. Embanking lands against tbe sea. 2. Em- 
banking against land water, or floods. 3. Protection of 
river banks. 

1. Emhanking Lands against the Sea. — This is a 
necessary preliminary to the cultivation of all the low- 
lying lands which are within the wash of the tides, 
both on the sea-coast and on the banks of tidal rivers. 
As upon very low flat land, with but a slight fall to 
seaward, much of the success of an intake depends 
upon its capability for drainage, the rainfall of the 
district is an important consideration in such under- 
takings. A dry cHmate renders less necessary the 
means of drainage, whilst a wet climate adds greatly 
to the difficulty of the situation; still, this objection 
only involves the question of a greater number of 
sluices, which are no great expense, and may be aided 
by steam. 

The Line of Direction for a Sea-dam. — ^This should be 
considered with reference not only to the extent of the 
ground to be embanked, but also to its exposure with 
respect to the prevailing winds. Care should be taken 
that no abrupt angles or bends be formed, but that 
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their line of direction should be carried in easy 
curves.* 

A still more important consideration in the line of 
a sea-bank or dam, is its situation with reference to 
low water, since on that depends the drainage of the 
lands embanked. The bank should invariably be 
placed, if practicable^ at such a distance back as to 
leave a solid foreshore. The foreshore is "that portion 
of the ooze, slob, saltings, or mud-banks which is left 
unembanked, or on the sea side of the embankment. 
And there is no feature appertaining to a sea-bank 
of greater importance than this, since it acts as the 
advanced-guard to the bank itself, receives the first 
shocks of the sea, and deadens its force upon the bank, 
by decreasing the depth and bulk of the wave. The 
greater, therefore, the width of the foreshore, and the 
higher above low- water mark, the greater its protection 
to the bank. In Essex, a county so famous for its sea- 
banks, the foreshore generally stands several feet above 
low-water mark, and some hundreds of yards outside 
the bank; and where it wears away, its edges are 
scarped and stoned to prevent the loss of so valuable a 
defence to the sea-dam."t For fuller details on all the 
points involved in the construction of embankments, 
the student is referred to Mr. Wiggins's treatise, of 
which this chapter is in part a summary. 

Weight of Dam, — The weight of the dam must be 
sufficient to counterbalance the weight of the sea against 
it, that weight being augmented by winds. This con- 
dition of weight is so important, that in some cases of 
light material, such as peat or some kinds of sand, the 

• D. Stevenson, C.E., "On the Eeclamation and Protection of 
Agricultural Land." 

t " On Embanking Lands for the Sea." By John Wiggins. Pub- 
lished by Messrs. Crosby Lockwood & Co. 

F 2 
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safety of tlie bank entirely depends on it ; and, in 
general, a bank must be rendered weighty in proportion 
to the lightness, looseness, or want of adhesion of the 
materials of which it is composed, either by its bulk, or 
by means of more weighty materials, such as stone, laid 
upon the lighter materials. 

The force of the sea water pressing against a bank will 
be in the compound ratio of its depth and its velocity. 
Every attempt to reduce these to calculation will be in 
some degree nugatory, because either may at times 
exceed the other ; but they often act in combination. 
The bank therefore must be superior to their greatest 
united strength. 

The weight of sea water is 64J lbs. per cubic foot. 
The weight of earth — that is, gravel, sand, and clay 
mixed — is from 2,500 to 3,500 lbs., or from 1*1 to 1*6 
ton per cubic yard. If the weight is 1*5 ton per cubic 
yard, it will be 125 lbs. per cubic foot. We may, 
therefore, take the weight of the materials usually em- 
ployed in building a sea-dam, to be nearly double the 
actual weight of the quiescent water they have to 
sustain. 

The weight of quiescent water is, however, but a 
portion of the pressure exerted on the dam ; the pressure 
of wind upon the surface of the sea, and the velocity 
thus acquired by the waves, produce such a momentum 
that a vast increase of strength is requisite in a sea- 
bank to enable it to sustain the weight it will inevitably 
have to encounter, especially as the bank must not only 
be equal, but have a power of resistance superior to the 
most extraordinary augmentations of weight and force 
of water that can in any likelihood be produced by 
wind, tides, or currents. 

A hurricane has a velocity of 80 miles an hour, and 
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its force is 31*490, say 31^ lbs. per foot. It will suffice 
to take this latter quantity as the greatest probable 
force of wind, and to suppose this increased weight 
applicable, not only to the surface to which in strict- 
ness it would be nearly limited, but to every cubic foot 
of the whole depth of the dam ; in which case it is 
evident that the pressure of the water will be increased 
by the wind by 31^ lbs. per foot up to 95f lbs. per 
foot. This will be resisted by the dam, which is of 
niuch greater superficial extent, and of considerably 
greater weight per cubic foot, than the water pressing 
upon it, and therefore perfectly able to bear its force 
increased by the action of the wind. 

Materiak. — The dam may be constructed of almost 
any firm materials which will compact solidly together, 
the best, perhaps, being a mixture of clay and sand. 
All combinations of walls of masonry with embanking 
should invariably be avoided, as it is impossible to 
efiect any proper bond or union between the earthwork 
and the masonry, and such composite structures are 
likely to result in a failure. {Stevenson,) 

In cases where the material is not very trustworthy, 
a dyke, or wall of common puddling, should be carried 
up in the centre of the dam, of such width, and com- 
mencing at such depth below the shore level, as the case 
may seem to require. 

F(yi*m of Dam, — The general form of a sea-dam should 
be such as to receive the waves easily, i,e, without any 
great concussion, or with the least degree of concussion ; 
such as may enable the top of the wave at its highest 
range to run along the top of the bank without meeting 
with any great resistance or sudden check. 

Width of Dam. — The width of the seat or base of 
the dam should be regulated by the amount of adhesive- 
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ness in the material upon which it is placed^ and of 
which it is built ; because it is necessary to guard against 
any escape of those materials from the drawing out or 
suction of the sand, by the reflux of the wave, or by 
the soakage of water under the bank. 

The width of the top of the bank must, in like 
manner, within certain limits, depend greatiy on the 
nature of the material used in building it. This is of 
less consequence in those Fen districts where the top 
of the embankment has to serve as a roadway, and 
must, necessarily, be of a great width in any case. In 
other cases, however, where no such roadway is required 
and where the materials employed in constructing the 
bank compact well together, a top width of three feet 
will be amply sufficient. 

Height of Dam, — ^In regulating the height of an em- 
bankment, it is necessary to ascertain the highest 
point of flood tide, making the summit of the dam 
about two feet higher than flood level. Embank- 
ments settle from Tjth to -J^th, and this shrinkage must 
be allowed for in reckoning the final height of the 
dam. 

Slope, — The slope of the bank to the seaward is 
one of its principal features of strength and safety. 
"Wiggins considered that a slope of 5 to 1 is the best 
that could be given to any sea-bank ; that more was 
generally unnecessary, but that less was insufficient in 
exposed situations. In practice, however, it is seldom 
that the slope given is greater than 3 to 1 towards 
the water, and 2 to 1 towards the land. The slopes 
given to the two sides should be such as, if pro- 
duced, would form an angle at the top of at least 90 
degrees ; otherwise the upper portion of such bank 
is liable to be broken awaCy by the pressure of water, 
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which is always at right Etnglee 
to the face of the slope* 

Delph. — The delph or drain 
which is dug on the land side 
of the aea bank or dam for the 
double purpose of a drain and 
a fence, should not be too near :| 
the foot of the bank, otherwise ■g 
it may favour percolation of -J 
water under the bank, or it 
may cause the base of the bank 
to slip and give way. The 
usual dimensions of the delph 
when cut, independently of its ^ 
materials, are 12 feet wide at ^ ■ 
top, 6 feet wide at bottom, and ^ - 
4 or 5 feet deep. Tor a fence m ~^' 
against cattle, 3 to 4 feet depth ~^ 
of water is requisite. ' 

Seetiom of Sea-dams. — Fig 
53, a sectional diagram of a 
sea-bank, which is here repro- 
duced from Mr. Wiggins's work 
"On Embanking Lands from 
the Sea," is, in its general form, 
supposed to fulfil all the fore- 
going conditions. It is, how- 
ever, much too elaborate an 
affair for an ordinary embank- 
ment. 

A plain embankment, such 
as is shown in Fig. 54, 7 feet 
high, and with a slope of 3 to 

•Mr. Baldwin Latham, 
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1 seaward, was constructed on a coast estate in Demerara 
last year (1882), at a total cost of 15*62 dollars per lineal 
rod, and is found to answer its purpose yery effectively. 
This dam was built without the aid of either wheel- 




Fig. 64. 

barrows, cart and horses, or tramway waggons; the 
earth used in banking being carried in baskets on the 
heads of coolies. In this country, where labour is ap- 
plied differently, the cost would haye been considerably 
less for a bank of the same dimensions. 

Labour and Construction, — The labour attending the 
construction of a sea-bank is performed in this country 
by gangs, generally consisting of six runners to two 
fillers, a lad to clear barrows and planks, and three 
men to pack on the bank ; these proportions, however, 
somewhat differing with the hardness of the soil, 
the length of run, and other circumstances. 

The rate at which the work may be expected to 
advance, if no special difficulties occur, may be esti- 
mated for each filler or shoveller at about 



20 cubic yards of loose sand or mould' 

18 „ compact earth 

16 „ ordinary clay ) per day. 

14 „ hard clay 

12 „ mud 



» 



Tipping must be done over the end of the bank, and 
not over the sides. If an embankment has been made 
too narrow, it will not do to tip over the side, as in Fig. 
55, to make it up, as the earth will tend to slip away 
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from the end-tipped mass. It is, however, allowable 
to form two narrow embankments and fill up the gap 
between them, as in Pig. 56. 

2. Embanking against Land Water, or Floods. — Not 
only do tidal lands require to be embanked against the 





Fig. 65. Fig. 5^, 

sea, but, in most cases, they require to be as carefiilly 
protected from waters which come down from the 
higher grounds lying aback of them, and from the risk 
of inundation by the overflow of rivers, &c., during 
floods. In countries where the rainfall is heavy, these 
flat lands, if they are to be safely cultivated, may 
require this protection, although there are neither 
rivers nor high grounds in the immediate neighbour- 
hood aback of them. This is the case in Demerara, 
where, during wet weather, the rainfall accumulates on 
the level Savannah behind the estates, and, seeking its 
natural outlet to the sea, would completely swamp the 
cultivation if not shut out by an embankment. The 
embankment in this case is termed the back-dam, to 
distinguish it from the front, or sea-dam. And as 
the Savannah waters often gather to a great depth 
behind the embankment, the requisite height of the 
back-dam may be as great as that of the front-dam, but 
less weight of bank will generally suffice for the back- 
dam. A (Fig. 57) represents a cross section of an em- 
bankment for this purpose, the materials for which are 
obtained by digging a pair of trenches, b, c, alongside 
of it. B, which is within the intake, serves either as a 

F 3 
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navigation trencli, or for collecting surface water and 
discharging it into the nearest drainage channel, c is 
on the outer, or Savannah side of the embanbment, and 
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Fig. 67. 

by retaining water after floods, serves as a fence and 
a protection to the dam from the trampling of cattle 
and other animals. 

3. Protection of River Banks. — The tendency of a 
running stream to rapidly undermine and wash away a 
sandy, or earthy bank, when the latter is opposed to 
the direction of the current, is a matter of daily 
observation in most districts. This action is greater in 
some rivers than in others, and is not altogether 
regulated by the geological formation of the bank; but 
is influenced by the velocity of the stream, the velocity 
again being influenced by the fall or slope of its surface, 
and also by its hydraulic mean depth. 

An "Agricultural Engineer," writing to the Albany 
County Oentleman, makes some very practical remarks 
on this subject, which we cannot do better than repeat 
in his own words. "The course of a stream,'^ he 
points out, "is subject to the same law which controls 
the reflection of a moving body, which may strike 
an obstacle at any certain angle." This law is that 
"the angle of reflection is equal to the angle of 
incidence." In the case of a glancing ball on a 
smooth pavement, the course of the ball is changed by 
the effect of gravitation after it is reflected, and 
gradually assumes a curve until it reaches the ground 
again. So the course of a stream is influenced by 
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the momentum and force of its current, which is, in fact, 
the force of gravitation. To this variation is due the 
sweeping curves we see in the bends of streams, and 
which continually enlarge by the erosive action of the 
current until the land is washed away very considerably, 
and much damage done. 

" At Pig. 58 is given a diagram of a very common 
form of the bed and banks of a stream passing through 
alluvial soil, whether of sand, gravel, or clay. The 
stream passing the first bend, strikes the bank a, and 
instead of being deflected at the same angle at which it 
strikes the bank, it turns with a sweep down stream in 
the direction of c, but is forced by the resistance of 
the bank into the gradual curve shown. Passing this 
curve it strikes again at b, and the erratic course is 




Fig. 58. 

repeated. Now in these sweeps the water is forced 
with considerable violence against the banks, and 
quickly wears them away, carrying the soil in its whirls 
and eddies to the opposite side of the stream, where it 
is deposited, and is formed into an obstacle which still 
further aids in the work of cutting, until, in the bend 
shown, it would be carried down the stream to the 
point c. 

" There are two ways of managing a stream of this 
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kind, one by protecting the banks from the eroisive 
effects of the current and preserving them in staiu 
quo, or forcing the stream to repair its own damages ; 
and the other is to reform the banks altogether, and by 
cutting off the bend to recover a good deal of land 
from the stream. 

** The former is best done by means of stakes and 
brush planted in the stream, as shown by the dotted' 
lines in Fig. 68. It depends somewhat on the size of 
the stream how this work is to be done ; for small 
streams it may be sufficient to plant rows of stakes in 
the bed, as shown by the dots, and interweave brush 
between them. The stakes may be driven at such 
distances apart as will suit the size of the brush. 
Evergreen limbs and branches, especially those of 
Hemlock and Spruce, are the most effective. If plenty 
of stones are near, the space behind these stakes and 
,Valls of brush may be filled in with them. The effect 
of these obstructions is greatly to retard the current 
behind the brush work, but not to shut out the water 
altogether at first. This will cause the water to 
deposit sediment, and in time wholly cover the stones 
and inner bush, and form a new and solid bank. This 
will be helped very much by repeated deposits of brush 
and stones on the edge of the old bank, gradually 
extended out, until the further line of brushes reaches 
where the final bank is to be made. As the bank 
forms, it is well to plant willow stakes in it, which will 
root and grow, and the interlacing roots will hold the 
soil until it becomes firm and compact. When the 
final bank is reached, a permanent planting should be 
made upon it ; the older trees cut down and the soil 
thus made seeded to grass. The work will then be 
kept permanent by careful protection of washing and 
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strengthening the bank as may be needed. In the case 
of an abrupt bend, as at c, it would be well to cut off a 
part of the point and drive willow stakes across it, so as 
to form a more gradual bend, and by starting a cutting 
at the point to set the stream at work to finish its own 
repairing. 

" The latter method mentioned (the reforming of the 
banks) may be done by cutting out a new channel 
across the neck of the bend in either of the directions 
shown by the doted lines in Fig. 59, as may be found 
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most convenient. The course of the new channel 
should be well studied out, and the beginning of it so 
placed with regard to the course of the entering 
current that the stream will be led easily into the desired 
direction. 

" The old channel should not be closed altogether, 
but should be obstructed, as previously mentioned, so 
as to cause the stream itself to complete the work 
of closing it, which will be finally accomplished after a 
few successive floods. But these must be controlled in 
a proper manner, lest the work done through several 
years may be undone in a day." 

The washing away of the river banks by the scouring 
or abrading action of the stream, may be prevented by 
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proceeding in very similar lines to those above recom- 
mended for remedying such an evil. Stakes and 
brush may be planted at the edge of the stream where 
any portion of the bank is threatened, or a sufficient 
weight of stones may be piled up, with a good eSect, 
giving the pile height and slope enough to withstand 
the flow of the river in times of flood. If the stream is 
not deep, in dry weather, the river will probably 
furnish a plentiful supply of stones for this purpose. 
Flat or oval-shaped stones, of a small size, resist the 
current better than large angular ones. 
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1. — ^Elkington's System. 

Elkington, called the father of under-draining, intro- 
duced his system about 1764. His theory was, that water 
from springs was the cause of wetness in land ; that the 
direction of the springs was to be ascertained, and then 
tap them by boring into them with an auger where they 
are below the depth of the ditch. Johnstone states that 
Elkington's principles depend chiefly on three things : — 

1. Upon discovering the main spring, or source of the 
evil; 

2. Upon taking the subterraneous bearings ; and 

3. By making use of the auger to reach and tap the 
springs when the depth of the drain is not sufficient for 
that purpose. 

"The first thing, therefore, to be observed is, by 
examining the adjoining high grounds, to discover what 
strata they axe composed of, and then to ascertain as 
nearly as possible the incUnation of these strata, and their 
connection with the ground to be drained, and thereby to 
judge at what place the level of the spring comes nearest 
to where the water can be cut off and most readily dis- 
charged. The surest way of ascertaining the lay, or 
inclination, of the different strata is by examining the 
bed of the nearest stream and the edges of the banks that 
are cut through by the water, and any pits, wells or 
quarries that may be in the neighbourhood. After the 
mainspring has been discovered, the next thing is to 
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ascertain a line on the same level to one or both sides of 
it, in which the drain may be conducted, which is one of 
the most important parts of the operation. 

** Lastly y the use of the auger, which, in many cases, is 
the sine qua non of the business, is to reach and tap the 
spring, when the depth of the drain does not reach it, where 
the level of its outlet will not admit of its being cut to a 
greater depth, and when the expense of such cutting would 
be great and the execution of it difficult." 

According to these principles, says Johnstone, this system 
of draining has been attended with extraordinary conse- 
quences, not only in laying the land dry in the vicinity of 
the drain, but also springs, wells, and wet ground at a 
considerable distance, with which there was no apparent 
connection. 

2. — The Deanston System. 

Thorough drainage was brought especially into notice 
by the late Mr. Smith, of Deanston, in Scotland, about 
1832. His system briefly stated was as follows : — 

** 1. Frequent drains at intervals of from ten to twenty- 
four feet. 

** 2. Shallow depth, not exceeding 30 inches, designed for 
the single purpose of freeing that depth of soil from 
stagnant and injurious water. 

*' 3. Parallel drains at regular distances carried throughout 
the whole field, without reference to the wet and dry 
appearance of portions of the field, in order to provide 
frequent opportimities for the water, rising from below and 
falling on the surface, to pass freely and completely off. 

** 4. Direction of the minor drains y * down the steep,' and 
that of the mains along the bottom of the chief hollow, 
tributary mains being provided for the lesser hollows. 

'* The reason assigned for the minor drains following the 
line of deepest descent was, that the stratification generally 
lies in sheets at an angle to the surface. 

' * 5. As to material, — Stones preferred to tiles and pipes.' ' 
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3. — The Deep-Dratnage System. 

Mr. Josiah Partes was the early advocate of deep 
drainage. As compared with the Deanston method, Mr. 
Parkes was in favour of : — 

1. Less frequent drains, at intervals varying from twenty- 
one to fifty feet, with preference far wide intervals, 

2. Deeper drains at a minimum depth of four feet, designed 
•with the twofold object of not only freeing the active soil 
from stagnant and injurious water, but of converting the 
water falling on the surface into an agent for fertilizing ; 
no drainage being deemed eflGlcient that did not both 
remove the water falling on the surface and keep down 
the subterranean water at a depth exceeding the power of 
capillary attraction to elevate it to near the surface. 

3. Parallel arrangement of drains, as advocated by Smith 
of Deanston. 

4. The advantage of increased depth, as compensating for 

increased weight between the drains. 

5. Pipes of an inch lore, " best known Conduit^' for the 
parallel drains. 

6. The cost of draining uniform clays, he held, should not 
exceed £3 per acre. 

4. — The Keythorpe System. 

The peculiarities of the Keythorpe system of draining, as 
described by Mr. Trimmer, consist in this, that the parallel 
drains are not equidistant, and that they cross the line of 
the greatest descent. The usual depth is three and a half 
feet, but some are as deep as five and six feet. The depth 
and width of interval are determined by digging trial- 
holes, in order to ascertain not only the depth at which the 
bottom water is reached, but the height to which the water 
rises in the holes and the distance at which a drain will 
lay the hole dry. In sinking these holes, clay-banks are 
found with hollows or furrows between them, which are 
filled with a more porous soU, as represented in the annexed 
sectional diagram. 
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The next object is to connect these furrows by drains 
laid across them. The result is, that as the furrows and 
ridges here run along the fall of the ground, which I have 
observed to be the case generally elsewhere, the submains 
follow the fall and the parallel drains cross it obliquely. 

The intervals between the parallel drains are irregular, 
varying in the same field from 14 to 21, 81, and 59 feet. 
The distances are determined by opening the diagonal 
drains at the greatest distance from the trial-holes at which 
experience has taught the practicability of its draining the 










Fig. 60. 



hole. If it does not succeed in accomplishing the object, 
another drain is opened in the interval. It has been 
foimd, in many cases, that a drain crossing the clay-banks 
and furrows takes the water from holes lying lower down 
the hiU — viz. it intercepts the water flowing to them 
through these subterranean channels. The parallel drains, 
however, are not invariably laid across the fall.. The 
exceptions are on ground where the fall is very slight, in 
which case they are laid along the line of greatest descent. 
On such grounds there are few or no clay-banks and 
furrows. 

Judge French, in his work on drainage, says of this 
system : ** It is claimed by its advocates that it is far 
cheaper than any other, because drains are only laid in the 
places where by careful examination beforehand, by 
opening pits, they are found to be necessary ; and that is a 
great saving of expense, when compared to laying the 
drains at equal distances and depths over the field.'' 
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Against vhat is urged as the Kejthorpe system several 
allegations are brought. 

In ihejlrst place, that it is in fact no system, Mr. Denton 
haying carefully examined the Keythorpe estate, and the 
public statements of its owner, asserts that the drains 
there laid have no unifarmity of depths part of the tiles 
being laid but 18 inches deep, and others 4 feet and more, 
in the same field. 

Secondly, — that there is no uniformity as to direction^ part 
of the drains being laid across the fall and part with the 
fall in the same fields, with no obvious reason for the 
difference of direction. 

Thirdly, — that there is no uniformity as to materials ; a 
part of the drains being wood, and a part tiles in the seune 
field. 

Finally, it is contended there is no saving of expense in 
the Keythorpe draining over the ordinary mode, when all 
points are considered, because the pretended saving is made 
by the use of wood, where true economy would require 
tiles, and shallow drains are used where deeper ones would 
in the end be cheaper. In speaking of this controversy it 
is due to Lord Berners to say, that he expressly disclaims 
any invention or novelty in Ids operations at Keythorpe. 



5. — ^AiE Drainage. 

Mr. Hutchinson, in his '* Practical Instructions on the 
Drainage of Land on Hydraulic and Pneumatic Prin- 
ciples," was the first to propound the theory of air drains. 

** He digs a drain all round the upper ends of the system 
of drains which he has placed imder and throughout the 
field, and this upper connecting drain is left open to the air, 
and so the stream of water through the drains is said to 
pull in a current of air through the pipes, and this is said 
to have a fertilizing effect upon the soil. We do not 
believe that any such effect will follow, for reasons which 
on ' hydraulic and pneumatic principles ' seem to us suffi- 
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cient. The fact is, that all drainage is ' air drainage ; ' 
and that, indeed, so far as the opening of a drain at its 
upper end to the air is efPectual in facilitating the passage 
of water through it, there is to that extent a diminished 
right to claim on its behalf the results of air drainage. 
The air wiU then simply pour in at the upper end and pour 
out at the lower end, drawn along by the current of water 
through it, but not one particle of it will be of any use to 
plants. A drain is receiving at all its pores and cracks 
throughout its course. Nothing that is in it has any 
chance of getting upwards into the soil above it. "What- 
ever enters will find its exit at the outfall ; it has already 
done its work so far as the soil is concerned, and the sooner 
it is got rid of the better. That is the reason why drains 
are made straight down the hill. The air which does good 
to plants, is that which enters the surface of the soil and 
permeates both it and subsoil dissolved in the water which 
thus traverses both, or drawn in after it as it sinks. If 
the drain were full of ^ water from top to bottom, then the 
whole weight of that water, as well as of what existed in the 
soil, would be helping to press onwards out of the soil, and 
helping to pull air in. If in such a case you facilitated the 
passage of water through the drainage tube, by opening 
its upper end, you would destroy the influence, whatever 
that may be, which the weight of water in the tube would 
exert in pulling air and water after it through the land. 
AU that the water in the pipe would do in such a case, 
would be to pull in at its upper end and set it free at its 
lower end. We do not believe that the weight of water in 
the drainage tube has any effect whatever except in induc- 
ing its own escape . The true agent in the drainage of the 
land is the weight of water within the soil. Let that have 
a chance of making its escape below the subsoil, and it will 
draw air after it, and introduce an activity into the soil 
considered as a laboratory, which will tend much to its 
powers of feeding the plants growing within and upon it.. 
The circumstance of the eidt pipe being open at its uppei:. 
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end directly to the air, if influential, must, to the small 
extent of its power, diminish the activity of those passages 
within the soil from the air to that pipe along the whole 
course of its length, which alone (traversing the substance 
of the soil and subsoil) are usefully employed in feeding 
the soil-laboratory with reagents, or the soil-warehouse 
with food." — Agricultural Gazette, 

6. — Gtos Mole Plough. 

The following letter, in reference to this implement, 
appeared in the North British AgriculturiBt, of August 
3rd, 1882. 

" Sir, — ^From your account of the Agricultural Show held 
at Beading, I see that Messrs. Fowler have exhibited a 
mole-draining plough, and as I have had some experience 
in using one of these with horse-power, and can testify as 
to its usefulness, I will give my reasons for first making a 
trial of one, and the result that followed. I had a deal of 
land drained according to a fashion that prevailed at one 
time, namely, 4 feet deep and 30 feet apart, and I need 
not say did not drain the land sufficiently. I then began 
to consider what could make the draining more effective ; 
and having compared the naturaUy dry land with the land 
that required draining, I found that the bottom or subsoil 
of dry land was all drain, and to make wet land dry, one 
would have to imitate the dry land bottom as near as prac- 
ticable. To do this I took one of BentaJPs subsoils, put 
into it a coulter and a mole made of steel on the top of it. 
I then lifted a good deep furrow with a common two-horse 
plough, and put three horses in the mole-plough to follow. 
This I did transverse to the line of the drains, and in this 
way I made a drain about 18 inches deep in every furrow, 
and the drain was put in so deep that the tread of the 
horses did not injure them in the least. This had a most 
wonderful effect in drying the land, and if done with steam 
power, and to a greater depth, I have no doubt land could 
be dried to any extent ; but care should be taken not to let 
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the water too rapidly into the drains^, for I have heard of 
some land drained by Mr. Smith of Deanston that was 
completely spoiled. He intended to make a thorough job, 
and put a tile in the bottom of the drains, then filled them 
up with broken stones to where the plough would reach ; 
the consequence was the water went so fast it washed all 
the manure out of the soil. 

**I have, however, no fear of the mole-plough having 
any such effect, for the ground will only be cut by the thin 
coulter, and the sides of the cut will adhere, so that the 
water can only percolate into the drain in a pure state, and 
so leave the manure in the soil. 

'* I wish Messrs. Fowler success with their mole-plough, 
for in these successive wet seasons the farmers require all 
appliances to keep the water from stagnating on the land 
to the permanent injury of . their crops. — ^I am, &c., Dum- 
friesshire." 

7 . — Plug-Dbaining. 

Plug-draining, like mole-draining, does not require the 
use of any foreign material, the channel for the water 
being wholly formed of clay to which this kind of drain, 
like that last mentioned, is alone suited. 

This method of draining requires a particular set of tools 
for its execution, consisting of — ^first, a common spade, by 
means of which the first spit is removed, and laid on one 
side ; second, a smaller-sized spade, by means of which the 
second spit is taken out, and laid on the opposite side of 
the trench thus formed ; third, a peculiar instrument called 
a bitting-iron (Fig. 61), consisting of a narrow spade, three 
and a haK feet in length, and one and a half inches wide 
at the mouth and sharpened like a chisel ; the mouth, or 
blade, being half an inch in thickness in order to give the 
necessary strength to so slender an implement. From the 
mouth, on the right hand, a steel ring, b, six inches^ [long 
and two and a half broad, projects at right angles ; and on 
the left, at fourteen inches from the mouth, a tread, c, 
three inches long, is fitted. 
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A number of blocks of wood, eacb one foot longt six 
incbes bigb, and two inches thick at the bottom, and two 
and a half at the top, are next required. From four to six 
of these are joined together by pieces of hoop iron let into 




their sides by a saw-draught, a small space being left 
between their ends; so that when completed the whole 
forms a somewhat flexible bar, as shown in the cut, to one 
end of which a stont chain ia attached. These blocks are 
wetted, and placed with the narrow end undermost, in the 
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bottom of the trench, which should be cut so as to fit them 
closely ; the clay which has been dug out is then to be 
returned by degrees upon the blocks, and to be rammed 
down with a rammer of wood three inches wide ; as soon 
as the portion of the trench above the blocks, or plugs, bas 
been filled, they are drawn forward, by means of a lever 
thrust through a link of the chain, and into the bottom of 
the drain for a fulcrum, until they are all again exposed 
except the last one (Fig. 62). The further portion of the 
trench above the block is now filled in and rammed, and 
so on the operations proceed until the whole drain is 
finished." — MortofCs Cyclopadia of Agriculture. 

8. — ^Dbaxnaqe of Hill-Pastures. 

"I consider," says the writer of a Prize Essay in the TVans- 
actions of the Sighland and Agricultural Society y "that on hill- 
pastures it is desirable to allow the water-level to approach 
very near the surface, and that drains be only applied to 
remove an excess of water, with a careful regard to retain 
an ample supply of moisture for the continuous production 
of grasses. The objects to be attained are, to create for the 
sheep an improved pasturage, pure water, and a healthy 
atmosphere, which would allow of their being kept in 
greater numbers, and enable them to attain to a larger 
size and higher condition. 

''Assuming that surface drains are most adaptable for 
hill-pastures, the size of the drain that combines most 
efficiency in proportion to its cost, for ordinary purposes, 
is 24 inches wide at top and 6 inches wide at i^e bottom, 
with a perpendicular depth of 16 inches. They should be 
cut clean, the turf -sod being placed 10 inches from the 
lower side of the drain, and the bottom clearings thrown 
beyond it ; they will thus not be liable to be dragged into 
the drain. Direct-action drains (viz. those put in on the 
quickest descent) are most effective, and shoidd be adopted 
on land of first quality : such land is generally indicated 
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by tte presence of BuU snout (tufted hair grass), Blue-point 
(tufted bog or blue-edge), Wild Scavy (devil's bit), Spart 
(blunt-flowered rush), and common rusli : and any danger 
of such, drains washing deep can be avoided by putting 
them in, not more than 9 yards apart, and not running 
them extreme distances ere they are delivered into main 
drains. The cost of such drainage is too great for poor or 
peaty surfaces, producing little but Stool-bent (goose-corn). 
Deer Hair (marsh spiked rush). Wire-bent and Mying- 
bent (blue-bent) ; but on such ranges, gentle dedinating 
drains, at an angle that will allow a fall of 1 in 25, and 
placed 35 yards apart, may be applied with beneficial 
results. Flow-mosses abound in Drawling (hare's-tail 
cotton grass), and are benefited by having drains put in 
not less than 60 yards apart. These mosses require a full 
surface water-level, and drains at that distance will not do 
more than carry off the excess, whilst they will much 
facilitate the entry of sheep on to them, increase their scope 
over them^ and aid their easy return to their lairs when 
satiated. Those drains should commence from those parts 
that present a sort of highway entry from the other lands ; 
and the proper placing of the drain-sods will be here found 
of great importance, forming a sort of elevated platform 
very useful as a sheep-track, particularly in cases of snow. 
The important item of cost varies with the price of labour, 
and will range between Id, and 2d. for 7 yards, and gene- 
rally be found at 1J(?. for that length." 



9. — ^Dbainaoe op Eoads. 

The reason that public roads remain muddy so long, till 
hundreds of passing waggons have cut the surface into 
deep ruts, is that there is no escape for the rain that f aUs 
upon them. One or more properly constructed under 
drains, e2d;ending lengthwise along the road, would afford 
a good remedy. In localities where gravel and small 
stones may be had the drainage may be made almost pef- 
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feet. The falling rain mil pass throiigh ttie gravel bed to 
the drain beaeath nearly as fast as it 
falls, and no mud can be formed. When 
gravel and stones cannot be procured, 
the water will be longer in finding its 
way down, but the drain will neverthe- 
less carry off the water in a much shorter 
time than when it has to escape by the 
slow process of evaporation. 

The best mode of constructing the 
drain is shown in Fig. 63. A good- 
sized pipe tile is laid at the bottom, sur- 
rounded by small stones. On these are laid smaller or 
broken stones or coarse gravel, then finer gravel, then soU 
or fine gravel at the surface. No free water can remain 
long on a road thus drained. A single drain in the middle 
of IJio track will often be sufficient, but for wider and more 




Fig. 63. 



Fig. 64. 

traversed roads it may be necessary to place two or even 
three parallel drains along the road. 

Nearly all public roada have a more or leas nndulating 
surface, and outlets must be made at every depression for 
the discharge of the water from the tile to the roadside. 
Fig. 64 represents the line of the road over a curved surface 
of the country. The dotted line ia a level. At a a and A 
are springs from the tile through which the water escapes, 
and is discharged into the naturfd channels which intersect 
the road. — Albany Cultivator. 

10, — On the Makikq and Bttrnino of Draik Tiles. 

Extracts from a communication by Mr. Law Hodges, 
published in the Journal of the Eoyal Agricultural Society 
of England, Vol. V. Part II. ;— 
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^'Eeflecting on these obstacles to imiversal drainage, 
where required, I conferred with Mr. John Hatcher (Brick 
and tile maker and potter, Beneden, Kent) on the possi- 
bility of erecting a kiln of common clay that would be 
effectual for burning these tiles, and of cheap construction 
— and the result was the building one in my brickyard in 
July last, and the constant use of it until the wet weather 
at the commencement of this winter compelled its discon- 
tinuance, but not until it had burnt nearly 80,000 excel- 
lent tiles; and in the ensuing spring it will be again in 
regular use. 

**I shall now proceed to take in order the six points 
enimierated tmder the 9th head of the Prize Essays for 
1845, as printed in the last volume of the Eoyal Agricul- 
tural Society's Journal, viz. : — 

"1st. Mode of working clay according to its quality. 

** 2nd. Machines for making tiles. 

*' 3rd. Sheds for drying tiles. 

*' 4th. Construction of Kilns. 

*' 5th. Cost of forming the establishment. 

** 6th. Cost of tiles when ready for sale. 

"1st Point. Working the day. 

" All clay intended for working next season must be dug 
in the winter, and the earlier the better, so as to expose it 
as much as possible to frost and snow. Care must be 
taken, if there are small stones in it, to dig it in small pits 
and cast out the stones as much as possible, and also to 
well mix the top and bottom of the bed of clay together. 
It is almost impossible to give minute directions as to 
mixing day mth loam, or with marl when necessary, for 
the better working it afterwards, as the difference of the 
clays in purity and tenacity is such as to require distinct 
management in this respect in various localities; but all 
the clay dug for tile-making will require to be wheeled to 
the place where the pug-mill is to work it ; it must be 
there well turned and mixed in the spring, and properly 
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wetted; and finally spatted down and smoothed by the 
spade, and the whole heap well coyered with litter to keep 
it moist and fit for use through the ensuing season of tile- 
making. 

^* 2nd Point. Machine for making tiles. 

"For the reasons already alluded to, I prefer Hatcher's 
machine. Its simplicity of construction, and the small 
amount of hand labour required to work it, would alone 
recommend it ; for one man and three boys will turn out 
nearly 11,000 pipe tiles of 1 in. bore in a day of ten hours, 
and so in proportion for pipes of a larger diameter ; but it 
has the great advantage of being movable, and those who 
work it draw it along the shed in which the tiles are de- 
posited for drying, previously to their being burnt : thus - 
each tile is handled only once, for it is taken off the 
machine by the little boys who stand on each side, and at 
once placed in the rows on either side of the drying-shed, thus 
rendering the use of shelves in the sheds wholly unneces- 
sary, for the tiles soon acquire a solidity to bear row upon 
row of tiles, till they reach the roofs of the sheds on either 
side ; and they dry without warping or losing their shape 
in any way. 

" The price of this machine is £25, and it may be proper 
to add that the machine makes the very best roofing tiles 
that can be made, and at less than half the price of those 
made by hand, as well as being much lighter, and closer, 
and straighter, in consequence of the pressure through the 
die. 

''It is necessary, in order to ensure the due mixing of 
the clay, as well as to form it into the exact shape to fill 
the cylinders of the machine, to have a pug-mill. Messrs. 
Cottam and Hallen make these also and charge £10 for 
them. This mill must be worked by a horse ; in general 
one day's work at the mill will furnish rather more pre- 
pared clay than the machine will turn into tiles in two days. 

" 3rd Point. Sheds for drying. 

** The sheds necessary for this system of tile-making will 
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■be of a temporary kind : strong hurdles pitdied firmly in 
the ground in two parallel straight lines, 7ft. apart, will 
form the sides of the sheds, and the roof will be formed 
also of hardies placed endways and tied together at the 
top, as well as to the upper slit of the hurdle, with stroug 
tarred twine, forming the ridge of the roof exactly over the 
middle of the shed. They must thon be lightly thatched 
with straw or heath, and the sharpness of this roof vill 
effectually protect the tiles from rain. Two of these sheds, 




Bg. 65.— Plan of Kun at AB. 

each 110 ft. long, will keep one of the kilns hereafter 
described in full work. 

" N.B. — These sheds should be so built as to have one 
end close to the pug-mill and the clay-heap, only leaving 
just room for the horse to work the mill , and the other 
end near the kiln. Attention to this matter saves future 
labour, and therefore money. 

" 4th Point. Construction of kilns. 

"The form of the clay kiln is circular, 11 ft. in diameter 
o 3 
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and 7 ft. high. It is wholly built of damp earth, rammed 
firmly together, and plastwed inside and out with loam. 
The earth to form the walls is dug out around the base, 
leaving a circular trench about 4 ft. wide and as many 
deep, into which the fire-holes of the kiln open. If wood 
be the fuel used, three fire-holes are sufficient; if coal, 
four will be needed. About 1,200 common bricks are 
wanted to build these fire-holes and flues ; if coal is used, 




Fig. 66. — ^Plan of Top op Kiln. 

rather fewer bricks will be wanted, but then some iron 
bars are necessary — six bars to each fire-hole. 

"The earthen walls are 4 ft. thick at the floor of the 
kiln, are 7 ft. high, and tapering to the thickness of 2 ft. 
at the top; this will determine the slope of the exterior 
face of the kUn. The inside of the wall is carried up 
perpendicularly, and the loam plastering inside becomes, 
after the first burning, like a brick wall. The THln may 
be safely erected in March, or whenever the danger of 
injury from frost is over. After the summer use of it, it 



must be protected by faggots or litter against the wet and 
the frost of winter. 

' ' A Itiln of these dimensions will contain — 

47,000 l-in. bore pipo tilea. 

32,600 li „ „ 

20,000 IJ „ „ 

12,000 2t „ 




and the laat-mentioned size will hold the same number of 
the inch pipes inside of them, making therefore 24,000 of 
both sizes. In good weather this kiln can he filled, burnt, 
and discharged once every fortnight ; and fifteen kilns may 
be obtained in a good season, producing — 
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706,000 l-in. pipe tiles. 
Or 487,600 1 J „ „ 
Or 300,000 1} „ „ 

and so on in proportion for other sizes. 

*' N.B. — ^If a T^iIti of larger diameter be built, there must 
be more fire-holes and additional shed room. 
" 5th Point. Cost of forming the establishment. 

The price charged hy Messrs. Gottam and Hallen for the ) ^^. 
machine, with its complement of dies, is . . . / 

Price of pug-mill 10 

Cost of erecting kiln 6 

Cost of sheds, straw 10 

£50 

(The latter item presumes that the farmer has hurdles of 
his own.) 

** 6th Point. Cost of tiles when ready for sale. 

*' As this must necessarily vary with the cost of the fuel, 
rate of wages, easy or difficult clay for working, or other 
local pecuKarities, I can only give the cost of tiles as I 
have ascertained it here according to our charges for fuel, 
wages, &c. &c. Our clay is strong, and has a mixture of 
stones in it, but the machine is adapted for working any 
clay when properly prepared. 

*' It requires 2 tons 5 cwt. of good coals to bum the 
above kiln full of tiles. Coals are charged here at £1 8«. 
per ton, or 1,000 brush faggots will effect the same 
purpose and cost the same money ; of course some clays 
require more burning than others; the stronger the clay 
the less fuel required. 

'*The cost of making, the sale prices, and nimiber of 
each sort that a waggon with four horses wiU carry, are as 
follows : — 





Cost. 




Sale price. 


Waggon 




8. d. 






8. 


holds— 


1-in. pipe tiles . 


4 9 


per 1,000 


12 . 


. 8,000 


1: „ . . 


6 


it 




14 . 


. 7,000 


1: ■ 


8 


it 




16 . 


. 5,000 


2: 


. 10 


it 




50 . 


. 3,600 


2; „ . . 
Elliptical tiles . 


. 12 


it 




24 . 


. 3,000 


* • 


. . 




. 24\ 




Soles 


> • 


• . 




.80/ 


. 2,000 
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" All these tiles exceed a foot in length when burnt. 

''The cost price alone of making draining tiles will be 
the charge to every person making his aum tiles for his 
own use. K he sell them, a higher price must, of course, 
be demanded to allow for some profit, for credit more or 
less long, for bad debts, goods unsold, &c. &c. ; but he 
who makes his own saves all expenses of carriage, and, as 
his outlay will not exceed £50, the interest on that sum is 
too trifling to be regarded, and he has no additional 
rent to pay ; and after he has made as many tiles as he 
wants, his machine and pug-mill wiU be as good as ever, 
with reasonable care, and will fetch their value." 



11. — Data for calculating Rainfall. 



Inches Depth of 


Cubic Feet on an 


Gallons on an 


BainfEOl. 


Acre. 


Acre. 


1 


3,630 


22,635 


2 


7,260 


45,270 


3 


10,890 


67,905 


4 


14,520 


90,539 


5 


18,150 


113,174 


6 


21,780 


136,809 


7 


25,410 


158,444 


8 


29,040 


181,079 


9 


32,670 


203,714 


10 


36,300 


226,349 



An inch of rain is roughly eqniyalent to 100 tons per acre. 

An inch of rain per annum on an acre is roughly equivalent to ten 
cubic feet per day. 

Annual depth of rain-fall in different countries and seasons ranges 
from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Batio of available to total rainfall on gathering-grounds : steep im- 
pervious rock, from 1*0 to 0*8, moorland and hilly pasture, from *8 to 
6, cultivated land, from *5 to '4, and sometimes less ; chalk 0. 

Greatest depths of rain in short periods : one hour, 1 inch ; four 
hours, 2 inches, 24 hours 5 inches. 



INDEX. 



ABSORBENT power of drain 
pipes, 15 

Absorbing wells, 40 

Absorption, 66 

Alleged over-draining, 7 

Amount of nitrogen brought 
down in rain and snow, 2 

Appold's pump, 93 

Area of pipes of different dia- 
meters, 62 

Arrangement as to laying pipes, 
63 

Arrangement of drains, 26, 26 

Artificial scours, 91 

Auger holes, 39 

Augmented rainfall of districts, 
54 

3ACK dam, 106 

Best form of drain, 42 
Birmingham spades, 43 
Blinding, 63 
Boning rods, 46 
Bottoming tool, 43 
Bush cuttings, 13 

QATJSES of wetness, 9 
Centrifugal pump, 93 
Circumstances affecting depth of 

drains, 33 
Clay suitable for pipe-making, 17 
Coal consumed in pipe kilns, 18 
Company canals, 92 
Conditions influencing size of 

drain pipes, 69 



Construction of sea-dams, 104 
Cost of drain pipes, 18 

of manufacturing drainpipes, 

18 
of planning field drains, 51 
of pipe-laying, 66 
of draining, 69, 70 
per acre, 71 
of draining by mole-plough, 

20 
of draining by steam power, 
92 
Covered drains v. open chan- 
nels, 1 
Cylindrical drain pipe, 14 

J)EFINITION of land-drain- 
age, 1 
Delph, 103 
Demerara field system, 77 

drainage and navigation, 77 
land and sea levels, 88 
experiments in tile drainage, 
80 
Depths of drains, 33 
Determining the outfall, 25 
Difficulties of automatic pipe- 
laying, 24 
Digging drains, 42, 43, 46 
Direct fall of rain, a cause of wet- 
ness on some soils, 9 
Direction of drains, 28 
Distance between drains, 38 
Distribution of rainfall, 53 
Drain pipe, 13 
Drain scoops, 44 
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Drainage, objects of, 1 

carries off excess of water, 1 

dries land, 1 

regulates the supply of mois- 
ture to plants, 1 

lets water into the soil, 2 

oxidises the soil, 3 

renovates air and water in 
the soil, 3 

deepens the soil, 3 

prepares the way for deep 
tUlage, 3 

improves the texture of 
soils, 3 

makes land easier and 
cheaper to till, 4 

mitigates Uie effects of diy 
weather, 4 

renders soils more absorbent 
and retentive of mois- 
ture, 4 

raises the temperature of wet 
land, 4 

ecables the soil to grow a 
greater variety of crops, 4 

gives an earlier seed-time and 
harvest, 4 

prevents grass and winter 
com being thrown out by 
frost, 4 

enables the solvent rain to 
act on the inert consti- 
tuents of soil and of ma- 
nures, 3 

prevents the finer parts of 
the soil and of manures 
being washed off the sur- 
face, 4 
Drainage companies' charges, 71 
Drainage of tidal lands, 74 
Drained land can be worked 

sooner after rain, 4 
Drained land to be laid flat and 

cultivated deep, 29 
Draining old pastures lying in 
high ridges, 29 

peat mosses, 39 

ploughs, 20 

machines, 23 

spades and scoops, 42 
Drains to be cut against the 

hill, 28 
Dumb wells, 40 



•gFFECT of capillary action, 8 
Effects of drainage, 2 
drainage upon grass lands, 7 
wet seasons on drainage 

works, 8 
salt water on land, 74 
Embanking, 75, 98 
Embanking against the sea, 98 

land water or floods, 105 
Empolder, 74 
Evaporation, 55 
Evils of open-drain system, 80 
Extent of undrained wet land in 

Great Britain, 8 
Extent to which a soil can be 
made dry by draining, 7 

J^ALL required for main- drain- 
age canals, 76 
Filling-io drains, 68 
Flash or fen wheel, 95 
Form of sea-dam, 101 
Formula for size of main pipes, 60 
Fowler's draining-plough, 21, 22 
Frequency of drains, 38 
Fresh- water marshes, 74 

(JARDEN spade, 43 

Gradual drainage of boggy 
land, 38 
Graduating drain bottoms, 45 

2AND-MADE pipes, 13 

Height of sea-dam, 102 
Horse-shoe tile, 13 
How water enters the pipes, 15 

IMPERFECT pipes to be re- 
jected, 63 
Inclination, 30 
Influence of cultivation on depth 

of drains, 35 
Instruments for laying pipes, 64 
Invention of the drain pipe, 13 
Iron koker or draining tube, 89 

JUNCTIONS, 67 
Junction-pipes, 67 

]^OKER, 89 



132 



INDEX. 



LABOUR and material, 69 
Labour on sea-dams, 104 
Land drainage, definition ot^ 1 
Lading out the main drains, 26 
Laying pipes, 63 
Length of drains, 31 
Less seed required in sowing 

drained land, 4 
Level of sluice cill, 90 
Levelling staff, 45 
Line of direction for sea-dam, 98 
Loss of nitrates by drainage, 5 

]y[*AI)AM*S pipe-layer, 65 
Machine-made pipes, 14 

Maintenance of drains, 60 

Manufacture of drain pipes, 17 

Marking out drains, 42 

Material for construction of sea- 
dams, 101 

Mattocks or picks, 45 

Mechanical drainage, 92 

Methods of under-draining, 11 

Michie, Mr. C. Y., on cost of 
draining in Banffshire, 70 

Mode of using straight-edged 
spade, 47 
curved, 47 
Upton's spade, 47 

Mole-plough, 20 

J^ATURAL drainage, 87 

Keed of drainage, 8 
Number of outlets, 25 

pipes made per day, 18 
„ required per acre, 69 

sluices, 90 

OBJECTIONS against tUe- 
drainage answered, 86 

Objects of draining, 1 

Open channels v. covered drains, 1 

Open-drain system, evils of, 80 

Opening drams with the plough, 
48 

Order of digging and working, 
45,68 

Overflowed lands, 10 

PACKING, 64 
•*• Peat tiles, 19 
Permanency of drains, 8 
Picks, 45 



Pipe collars, 14 

Pipe-layer, common, 65 

Pipe maker, 17 

Pipes to be laid on a smooth 

bottom, 63 
Plan of field drains, 50 
Polders, 74 

Pole and faggot drains, 13 
Prevention of loss of nitrate by 

drainage, 6 
Protection of river banks, 106 
Pug-mill, 17 
Purpose of under-draining, 2 

QUANTITY of earth moved in 

digging drains, 49 
Quantity of water to be discharged 

from embanked lands, 88 

J{^ATE of fall, 30, 36 

Reasons for draining land, 1 
Recent practice in draining, 36 
Redemption - money, by whom 

payable, 72 
Requirements of vegetation, 34 
Resistance due to curved junctions, 

and to junctions at right 

angles, 67 
Ridges and furrows, the original 

mode of surface draining, 39 
Robson & Hardman*s draining- 

machine, 23 
Rods of drain per acre at different 

distances, 69 
Ropes of straw as drain material, 

13 
Rotary pump, 94 

gCOOP wheels, 95 

Sections of sea-dams, 103 
Size of drain pipes, 52, 59, 60 
Slope of embankment, 102 
Sluice, 89 

" Soke " or water of pressure, 9 
Solar influence on depth of drains, 

35 
Sole and tile, 14 
Spade for cutting peat tilea, 19 
Springs, 9, 54 
Stone drains, 11 

Supervision of drainage works, 50 
Swallow-holes, 40 
Syphon drainage, 96 
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q^ABLE of earth work, 49 

Tides, 96 
Tide table, 97 
Turfing drains on grass land, 68 

■JJPTON draining tool, 46 

Useless to drain against 
dip of strata, 30 

WATER chiefly admitted to 
pipes at the joints, 16 



Water of pressure, 9^ 54 

Water test in graduating drains, 
45 

Wedge and shoulders drains, 19 

Weight of sea-dam, 99 

Where tocommencepipelaying, 66 

Width of sea-dam, 101 

Wilson's, Mr., experience in 
opening drains with the 
j)lough, 48 

Windmill tor working drainage- 
pumps, &c., 94 
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62. RAILWAY CONSTRUCTION, Elementary and Practical In- 

structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
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VILLAGES. Comprising:—!. Some of the more Common Forms ol 
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Richards, CE. With 72 Illustrations. 4s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

The X indicates that these vols* may be had strongly bound at 6d. extra.. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr. Lardner. Illustrated. is.6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp; 5s. 6d. cloth boards. \,Just published. 
82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to grive motion to Turbines, 8cc. By Joseph Glynn, F.R.S. 2s.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. ByT. Baker, C.E. is. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, 8cc. With copious Receipts, &c. By Walter Graham. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, 8cc., &c. By T. G. Winton. Illustrated. 3s. t 

165. IRON AND HEAT, exmbiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By T* Armour, C.£. 2S. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angnilar Forces. By J. Armour, 2s.6d.t 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationaiy and 

Portable. By John Sewell and D. K. Clark, M.I.C.E. 3s. 6d.t 
200. FUEL, its Combustion and Economy, By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, &c. — ^by D. K. Clark, M.I.C.E. 3s. 6d.t 
202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnbar Clark, M.I.C.E. 3s.t 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtney, 

Practical Boiler Maker. Edited by D. K. Clark, C.E.' 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. js.t 

217. SEWING MACHINERY : Its Constraction, History, &c., with 

full Technical Directions tor Adjusting, See. By J. W. Urquhart, C.E. 2s. t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burqbss. 2s. 66..% 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t 

236. DETAILS OF MACHINERY, Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 
Boiler- Yard. By Francis Campin, C.E. %%.% \ Just published. 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

CoachSmithing. By W.J. E. Crave. Illustrated. 2s.6d,t [Just published. 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, 8cc. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane, is. 6d. [Just published. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beg^inners. Ky 
Tames Peake, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.^ 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Somubr- 
FELOT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 

53»*. AN ATLAS OF ENGRA VINGS to lUuatrate the above. Twelve 
large folding plates. Royal 4to, cloth. 78. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks: Chain, 
Wire, and Hemp Ropes, 8tc., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert 
Kipping, N.A. Fifteenth Edition. Illustrated. 2s.t 

54». IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frig^atea 
"Warrior," "Hercules,^' " Belleropl.un ; " H.M. Troop Ship '*fierapis," 
Iron Floating Dock, &c., 8ic. 4to, hoards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the I/Og and Work it oiF. Part II. On 
Finding the Latitude and Longitude. By James Grbknwooo, B.A. '1 o 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals: the Rule of the 
Road at Sea; Rf)cket and Mortar Apparatus for Saving Life; the Law of 
Storms ; and a Briet Dictionary of Sea lerms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. Hy W- H. l<oi>s9R. 2S. 6d.t 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E. 
Eighth Edition, re-written by H. S. Barrov. [/« preparation, 

83&1J. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Dei ived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, reviscd,with numerous Illustrations and ModeIs.xs.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, inTh^ory 

and Practice. By Professor J. R. Young. New Edition, including the 
requisite Klemcnts from the Nautical Almanac for working the Problems. 
Illustrated. 2s."6d. [Just Published. 

106. SHJPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is, 6d. 
149. SAILS AND SAIL-MAKING, an Elementai7 Treatise . on. 

With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., 8c. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A., 
Sailmaker, Quayside, Newcastle. Illustrated, as. 6d.t 

ICC. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION, Consisting of The Sailor's 

^ Sea- Book. By Jambs Greenwood and W. H. Rossbr. Together with 

_ - the requisite Mathematical and Nautical Tables for the Working of the 

Z04. Problems. By Hknry Law, CE., and J. R. Youno, formerly Professor of 

Mathematics in Belfast College. Illustrated with numerous Wood Kngrav- 

ings and Coloured Plates. 7s. Strongly half- bound in leather. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY, for the Use of Beginners. By Professor Georgr 

FowNBS, F.R.S. With an Appendix on the Application of Chemistry to 
n firriculturc is 

%, NATURAL PHILOSOPHY, Introduction to the Study of; for 
■ the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 

King's College School, London. "Woodcuts, xs. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 

of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s. t 

6. MECHANICS^ Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Scicncei and their Applica- 
tions. By Charlhs Tomlinso^. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabinb, C.E., F.S.A. is. 6d. 
7*, GAL VAN ISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Ma^^etical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
Noad, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts, is. 6d.t 
n, THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabini, C.E., F.S.A. 3s. 

la. PNEUMATICS, for the Use of Beginners. By Charles 

TOMLiNflOM. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 

Fossil Shells. By Dr. S. P. Woodwarp, A.L.S. Fourth Edition. With 
Appendix by Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
1^^*. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaitb. Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By thclate Rev. Robert Main, M.A., F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, revised to tho 
Present Time. By William Thynnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embradnflf also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McIjkbqor, First Assistant Supnt., Indian Gov. Telegraphs. 3s. t 

t73. PHYSICAL GEOLOGY, parUy based on Major-General Port- 
lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,«cc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 
PoR ri-OCK's " Rudiments." By Ralph Tatb, A.L.S., 8tc. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

Ic Historical. Partly based on Major-General Portlock's " Rudiments o»' 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., 8cc. In One Volume. 4s. 6d.* 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

^ formerly Professor of Natural Philosophy and Astronomy in University 

l8d College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 

^* *^* Sold also z'h Two Paris, as follows : — 

183, Animal Physics. By Dr. Lardner. Part I., Chapters I. — VII. 4s. 

184. Animal Phvsics. By Dr. Lardner. Part II., Chapters VIII. — ^XVIII. 31, 

TAe t indicates that ihese vols, may be had strongly bound at fid, extra, 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magfnetic Needle. By Thokas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.4t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturings its Alloys. 
By RoBKRT H. Lamborn, Ph.D. Woodcuts, as. 6d.t 

134. METALLURGY OF SILVER AND LEAD. By Dr. R. H. 

Lambork. Woodcuts, as. 6d4 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ANDBR Watt, F.R.S.S.A. 8th Edition, revised, with additional Matter and 
Illustrations, including the most recent Processes. 3s.t \yust published. 

172. MINING TOOLS, Manual of. . For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, as. 6d.t 
172* MINING TOOLS, ATLAS oi Engravings to Illustrate the above, 
containing 23s Illustrations, drawn to Scale. 4to. 4s. 6d. : cloth boards, 6s. 
176. METALLURGY OF IRON, Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 5th Edition, 
revised and enlarged. 5s. t \Jttsi published. 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Minora' 
Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE ^Cr-<4i?^rZV6^, Scientific, Practical, and 

Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. 35.$ 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 
ttons for the Alloying and Working of Gold. By Georgb E. Gee, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 3s.t 

225. THE SILVERSMITHS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George E. Gee. 35.* 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By W. Lintern. as. 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pyne. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I. GLASS. From the German of Dr. Gessert and Emanuel Otto From- 
BKRG. With an Appendix on The Art of Enamelling, as. 6d. 

69. MUSIC, A Rudhnentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer, as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 
(i^-*]!. MUSIC is* THE PIANOFORTE. In one vol. Half bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, mcluding Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, 8cc. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised ana enlarged. 5s.i 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. %'&.% 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting. Cleaning, Re- 
lining and Restoring, Schools of Painting, 8cc. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

The X indicates that these vols, may be had strongly bound at 6d. extm. 
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AGRICULTURE, GARDENING, ETC- 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical^on. (Vol. 2. Outunks OF Modern Farming.) By R.Scott Burn. is. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. '3. 

Outunbs of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Nos. 140- 1-2-5-6, tn One Vol., handsomely half-bound, eniiiled " Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTOR Y, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. By George M. F. Glenny. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organi. 

zaiton of Farm. Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour, &c., &c. 
By Robert Scott Burn. 2s. 6d.T 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.t 
'»• Nos. 207 <&- 208 in One Vol., handsomely half-hound, eniiiled " Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood, as.t 

210. THE TREE PRUNER, A Practical Manual on the Pruning of 

Fruit TreeSjj^ including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 
»• Nos. 209 &^ 210 in One Vol., handsomely half -bound, entitled "The Tree 
Planter, Propagator, and Pruner." By Samuel Wood. Price sj. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers. &c., 
forming a complete Calculator and Ready- Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Prof. John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltet. With Illustrations. 2S. 6d.t [Just published. 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small G ardens. By E.Hobday, is. 6d. VJusi published. 

233. GARDEN RECEIPTS. Edited by Charles W. Quin. is.6d. 

\Jusi published. 

234. THE KITCHEN AND MARKET GARDEN, By Con- 

tributors to ** The Garden." Compiled by C. W. Shaw, Editor of " Garden- 
ing Illustrated." 430 pp. 3s.t \^ust published. 

The % indicates thai these vols, may be had strongly bound at 6d. extra, 
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Agriculture, Gardening, etc., continued. 
239. DRAINING AND EMBANKING, A Practical Treatise, em- 

bodvini? the most recent experience in the Application of Improved Methods. 
Hy ]JoHN Scott, late Professor of Agrriculture and Rural Kconomy at the 
Royal Aj^^ricultural College, Cirencester. With 68 Illustrations, is. 6d. 

\yusi pt4.blished. 
2 \o. IRRIGA TION AND WA TER SUPPL Y. A Treatise on Water 
Meadows, Sewage Irrigation, Warpingf, 8cc. ; on the Construction of WeHs, 
Ponds, and Reservoirs ; and on Raising Water by Machinery for Agricul- 
tural and Domestic Purposes. By Professor John Scott. With 34 Illustra- 
tions. IS. 6d. {yust pttblished. 
• ,• Xos. 239 nnd 2^0 form Pari of Scorr's " Farm Engineering Text- Books.'* TA^ 

following Volumes, completing the Series^ are in active Preparation .* — 
f'Ai^M Roads, Fences, and Gates. | Farm Buildings. 

Ai;KlCULTURALSuKVEYlNr.,LBVELLINO,&C. | Fl«LD IMPLEMENTS AND MACHINB0. 

Barn Implements and Machines. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; inwbich 

their Construction and the Methods of Testing, Adjusting, and Hsin^ them 

are concisely Explained. By T. F. Heather, M.A., of the Royal Milztaxy 

Academy, Woolwich. Original Edition, in i vol.. Illustrated, is. 6d. 

*^ In ordering ike ahove^ be careful to say, " Original Edition '* {No. 32), fo dtstin- 

guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise .on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. HIos- 
trated with Plates and Diagrams. 2S.t 

di*. READY RECKONER FOR THE ADMEASUREMENT OP 
LAND. By Abraham Arman. New Edition, revised by C. Norris. 

[/« preparation, 
76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. r. Heather, M.A. Illustrated with 14 Plates, as. 

178. PRACTICAL PLANE GEOMETRY : giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. «s. 

179. PROJECTION : Orthographic, Topographic, and Perspective. 

By J. F. Heather, M.A. [/« preparation. 

*»* The above three volumes voill form a Ccm^uLT^ Elvmbntary Coursb of 

I^Xathematical 13 rawing 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Tenth Edition, corrected, is. 6d. 
84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
8t*, Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations mav be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 28. ^ 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 

necessary in Algebraical Operations. By T- R- Young, is. 6d. 

fe^^ ^ '/' < 1 indicates that these vols, may be had strongly bound at td. extra . 
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Aritliinetic, Geometry, Mathematics, etc., continued, 

88. EUCLID f The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henby Law, C.E. 2s. 6d.t 

•»* Sold also separately, viz, .•— 

88. Euclid, The First Three Books. By Hknry Law, C.E. is. 6d. ' 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. 'A New Edition, re-written and enlarged by Professor 
J. R. Young. 2s. t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry^* in One Volume, 2s. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Bakbr, C.E. New Edition,- with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 
loa. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBjiSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOusK, F.R.A.S., &c. is. 6d. 

105. MNEMONICAL LESSONS. — Geometry, Algebra, and 

Trigonomrtrv, in Easy Mncmonical Lessons. By the Rev. Thomas 
Pbnyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by A. Arman. is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of the Royal 
Military Academy Woolwich. Illustrated, is. 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photogrraphy. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By !• F. Heather, M.A. Illustrated, is. 6d. 
%* The above thfee volumes fortn an enlargement of the Author's original work, 
" Mathematical Instruments: their Construction, Adjustment, Testing, andUse,^* 
ike Thirteenth Edition of which is on sale, price is. 6d. {See No. 32 in the Series.) 

x(A.\MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. ? M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. 6d.t 

185. THE^ COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c. ; Unequal-sided, Square-sided, Octagonal -sided. Round Timber 
and Stone, and Standing Timber, &c. For the use of Timber-growers, 
Merchants, and Surveyors, Stonemasons, Architects, and others. By 
RiCHARn Horton. Fourth Edition. 4s. ; strongly bound in leather, ss. 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations of 

Interest, Discount, Annuities, &c. By Fl^DOR Thoman. 4s.t . 

8b^ 7 he t indicates thai these vols, may be had strongly bound at 6d. extra, 
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Arithmetic, Geometry, Mathematics, etc., continued, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Pcrforniingf the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Youxg, 
formerly Professor of Mathematics in Belfast College. 33.^ 

204. MATHEMATICAL T-^^Z^.?, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Log^arithms. 
By Hknrv Law, C.E. Together with a Series of Tables for KaTigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2%.% 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples; also the Methods of^ Analysing Principles and De- 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Fkancis Campiv, C.E., Autnor of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 33.^ {^ust published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAE- 
OLOGY, the FINE ARTS, 6fc. ByJoHNWBALB. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 3s.t 

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.i 
JI2». MANAGEMENT^ OF HEALTH, A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 
1 ,0. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

113. SELECTIONS FROM LOCKERS ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. as. 
154. GENERAL HINTS TO EMIGRANTS, Containing Notices 
of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to tiie 
Emigrant. With a Map of the World, as. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2S. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 930! 
Sutherland Highlanders, &c. With 163 Woodcuts. 3s.} 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Daiiy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir ana Dressing-room, Travelling, Stable 
Economy, Garden* ng Operations, 8cc. By An Old Housekeeper. 3s. 6d.t 

194. HOUSE BOOK {The), Comprising :— I. The House Manager. 

112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Goodino, 

» ' M.D. III. Management of Health. By James Baird. In One Vol., 

^ strongly half-bound. 6s. 
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EDXrCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Progress of the English Constitution. By 
WiLLiAji Douglas Hamilton, F.S.A., of Her Majesty's Public RecoiJ 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of Universi^ College, London, and Edward Lbvibn, MJ^«, of Balliu! 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History ofs from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s.6«I. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS, 

II. Grammar of the English Tongue, Spoken and Writtci . 

With an Introduction to the Study of Comparative Philology. By Hydh 
Clarkb, D.CL. Fourth Edition, xs. 6d. 
i I*. Philology s Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
X7th Edition, is. 6d. 

49. Derivative Spelling- Book: GKving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.RJV..S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By T. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and^^Devon. is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Wbbster. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Reauirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely,' formerly H.M. Inspector 
of Schools. 

Introductory Primbr, id. 

f. d. 
Fourth Standard •••12 
Fifth „ ...16 

Sixth ,, ... 1 6 

Lbssons'from TiiH iiiuLK. Part L Old Testament, is. 
Lbssons from thb Bible. Part II. New Testament, to which is added 
Thb Geography op thb Bible, for very young Children. By Rev. C. 
Thornton FoRSTER. is. 2d. %* Or the Two Parts in One Volume. 2s. 

7. stationers' HALL COURT, LUDGATE HILL, E.C, 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large ntttober of 

New Terms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as abovej. Complete, in One Vol., 3s.; 

cloth boards, 3s. 6d. *«* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book: containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Wor^, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Studifents, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German-French-Englisfc. 
Part ll. English-German-French, Part III. French -German -English. 
js., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

^ 39* Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessom, with a Comse 

of Exercises. By Alfred Elwks. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Ai.rRBD Elwks. 
Vol. I. Italian-English-French, ss. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. as. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian -English, ss. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Tetms used in Mining, Engineering, 8tc., 
with the proper Accents and the Gender of every Noun. By Alprbo Elwes. 
4S. ; cloth boards, 5s. \* Or with the Grammar, cloth boards, 6b. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred ElWbs. is. 6d. 

56. Portuguese- English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

; _«».^ ' U^ the press. 

HEBREW. 

46». Hebrevr Grammar. By Dr. Bresslau. is. 6d. 
44. Hebre^w and English Dictionary, Biblical and Rabbmical ; 

containing the Hebrew and Chaldee Roots of the Old. Testament Post- 
Rabbinical "Writings. By Dr. Bresslau. 6s. 

46. English and Hebre-w Dictionary. By Dr. BRKSSLau. 3s. 
44,46. Hebre-w Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, X2s. 

■■ — - -- - -- . - I — _jj^ 
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LATIN. 

19, Latin Grammar. Containing the Inflections and £Iementai-y 
Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

ao. Latin-English Dictionary. By the Rev, Thomas Goodwin, 

M.A. 2S. 

22. English- Latin Dictionary j together with an Appendix o( 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. •,• Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in EngUsh. 
I. Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

a. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 
Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius N epos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Gcorgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Oeorgics by H. Youno. xs. 6d. 

5. Virgilii Maronis .^nels. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L., lormerly Scholar ol Brasenose 
College, Oxford. «. 

S* — ^ Part I. Books i.— vi., xs. 6J. 

5«» Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, xs. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGo Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinnm. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. xs. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. jAMBS Davibs, M.A. xs. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, ivith Notes, Critical 

and Explanatory, by the Rev. James Da vies, M.A. 2s. 

11. Terentii Eimuchus, Comoedia. Notes, by Rev. J. Daties, M.A. 

xs. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jamiu Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analjrsis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford, 
xs. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. BrownrIgg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. YouNQ and W. B. Smith, 

M.A. Part x. Books i., ii., xs. 6d. 

x6'*. • ■ ■ Part 2. Books iii., iv., v., is. 6d. 

17. tart 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 25. 

20. Latin Prose Selections) from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apmeius, kc. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirss. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 
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14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Haks 
Clauds Hamilton, is. 6d. 
15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Signilications, Inflections, and Doubtful Quantities. By Hbnrt R. 
Hamilton. Vol. i. Greek -English, zs. 6d. ; Vol. 2. English-Greek, as. Or 
the Two Volt, in One, 4s. 6d. : cloth boards, %», 

14.15. Greek Lexicon (as above). Complete, with the Grammas, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 

Edition, with an improved and enlarged Supplementary Vocabulary, by Johm 

Hutchison, M.A., of the High School, Glasgow, zs. 6d. 

2, 3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Fart x. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, wit* 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5-12. Homer, The Works of. According to the Text of Baeumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbary, M.A., D.C.L. «.«,.... ... ^. 

Tub Iliad : Part i. Books i. to vi.. is.6d. Part 3. Books xui. to xviu., xs. 6d 

Part 2. Books vii. to xii., xs. 6d. Part 4. Books xix. to xxiv., xs. 6d. 

Tub Odyssby: Part x. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues: The Apology of Socrates, the Crito, and 
the Phasdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. 2s. 
11.17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.CL. 

Parti. Books i., ii. (The Clio and Euterpe), 2S. 
Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s. 
Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 
18. Sophocles: (Edipus Tyrannus. Notes by H. Young, is. 
20 Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milner, B.A. «. 
2X Euripides : Hecuba and Medea. . Chiefly from the Text of Din- 
DORF. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 

26. Kuri'pi'des: Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Mii^ER, B.A. is.6d. 

to ^Esclivlus • Prometheus Vinctus : The Prometheus Bound. From 
* "^e Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. . ^, , 

X2 .aSschvlus : Septem Contra Thebes : The Seven against Thebes. 

^ From the TexJ of Dindorf. Edited, with English Notes. Critical and Ex- 
planatory, by the Rev. Jab«s Davies, M.A. is. , « „ 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weisb. With Notes, by C. S. T. Townshknd, M.A. IS. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

42. Xen<n>hon''s'*Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W. Jkwitt. IS. 6d. ,. . 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 
Brasenose Coll ege, Oxford, is. 6d. 
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Humberts Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst. 
C.E., and M. Inst. M.£. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. 6f. elegantly 
and substantially half* bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Suppiv of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
£va|>oration. — IV. Springs and the water 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flovir of Water.— VI. On the Selection of 
the Source of Supply.-— VII. Wells. — 
VIII. Reservoirs. — I A. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — ^XIII. Dis- 
tribution of Water.— XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates. — Appeu> 
dices, ^ving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characteri<wd almost 
throughout by an exhaustiveness much more distinctive of French and German thaa 
of English technical treatises."— ^nt^Mrr. 

Humbef^s Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, faiduding 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A.-M. Inst C. E., and M. Inst 
M.E. Third Edition, with 115 Double Plates. In a vols. imp. 4to, 
6/. idr. 6d, half-bound in morocco. 



«« 



A book— and paiticularly a large and cosdy treatise like Mr. Humber's— which 
has reached its third edition may certainly be said to have established its owa 
reputation. "—En^neerin^, 

B 



WORKS IN ENGINEERING, SURVEYING, ETC, 



Humberts Modem Engineering. 

A RECORD of tb« PROGRESS of MODERN ENGINEER. 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, Ac. By 
William Humbkr, A.-M. Inst. C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a laige scale, and Portrait of John 
Hawkshaw, C£., F.R.S., &c, and descriptive Letter-press, Sped* 
fications, &c. 3/. ys, half morocco. 

List oftkf Piates and Diagrams, 



Victoria Sution and Roof^ L. B. & S. 
C R. (8 plates): Souihport Pier (2 plates): 
ykXaaiL Station and Roof, L. C & D. and 
G. W. R. (6 plates) ; Roof of Cremorne 
Mosic Hall : Brk 
Roof of Station. 



iridge over G. N. Railway ; 
}, Dutch Rhenish Rail (a 



plates) ; Bridge over the Thames, West 
London Extension Railway (^ plat«) ; Ai^ 
mour Plates : Suspension Bridge, Thames 
(4 piates) : The Allen Eneine ; duspensioa 
Bridge, Avon (3 plates); Underground 
Railway (3 platesX 



HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c, and descriptive Letterpress, Specifications, 
&C. 3/. 3r. half morocco. 

List of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basin 
{15 plates); Charing; Cioss Station Roof 
C. C. Railway (3 plates) : Digswell Via- 
dact, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway : Iron Permanent 
Way: Clydach Viaduct, Mertbyr. Tre- 
degar, and Abergavenny Railway ; Ebbw 



Viaduct. Merthyr, Tredegar, and Aberga- 
venny Railway: College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over ihe Tbames, 
L. C. and D. Railway (6 plates) ; Albeit 
Harbour, Greenock (4 plates^. 



HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3j. half morocca 

List of the Plates and Diagrams. 



Main Drainage, Metropolis.— 
Harth Side.—JtAxp showing Interception 
of Sewers ; Middle I^rvel Sewer (2 plates ; 
OutfaH Sewer, Bridge over River Lea (3 
plates); Outfall Sewer. Bi idge over Marsh 
Lane, North Woolwich Kailway, and Bow 
and Barking Railway 1 unction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 mates); Outfall Sewer, Bridge 
over Ea^t London Waterworks' Feeder 
(a plates) ; Outfall Sewer, Reservoir (a 
plates) ; Outfall Sewer, Tumbling Bay 
aad Outlet ; Outfall Sewer, Penstocks. 
South Stile. — Outfall Sewer, Bermondsey 



Branch (2 plates); Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) : Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (3 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) : Steamboat 
Pier, Waterloo Bridge (^ plates): Junc- 
tioti of Sewers, Plans and Sections : Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4tu, with 36 Double Plates, Poi trait of John Fowler, 
Esq., late Pres. Jnst. C.E., and dtscriptive Lttterpress, Specifica- 
tions, &c. 3/. 3j. half morocco. 

List 0/ the Plates and Diagrams. 



Ahbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates); Barrow 
Decks (5 plates); Manquis Viaduct, San- 
tiago and Valparaiso Railway (a plates); 
Adam's Locomotive, St. Helen'ii Canal 
Rail way (a plates) ; Cannon Street Station 
Roo f, Channg Cross Railway (3 piates) ; 
Road Bridee over the River Moka (a 
plat es) . Telegraphic Apparatus for Meso- 



potamia; Viaduct over the River Wye, 
Midland Railway (3 plates); Sl German's 
Viaduct, Cornwall Kailway (a plates) ; 
Wrought- Iron Cylinder for Diving Bell ; 
Millwali Docks (6 plates} ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 piatefi) ; Harbours, Ports, and Break- 
watets (3 plates). 
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Strains in Iron Frameworks^ &c. 

GRAPHIC AND ANALYTIC STATICS IN THEORY AND 
COMPARISON. Their Practical Application to the treatment 
of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus- 
pension Bridges, Braced Iron Arches and Piers, and other Frame- 
works. To which is added a Chapter on Wind Pressures. B} 
R. Hudson Graham, C.E. Containing Diagrams and Plates to 
scale, with numerous Examples, many taken from existing Struc- 
tures. Specially arranged for Class-work in Colleges and Univer- 
sities. Demy 8vo. [Nearly ready. 

Strength of Girders. 

GRAPHIC TABLE for FACILITATING the COMPUTA- 
TION of the WEIGHTS of WROUGHT-IRON and STEEL 
GIRDERS, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C. E., Assistant Engineer London 
and North-Westem Railway. On a large Sheet, in Strong Card- 
board Tube, 25, 6d. [Just published. 

Strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulaeand Corresponding Diagrams^ 
with numerous Details for Practical Application, &c. By William 
HUMBSR, A.-M. Inst C.E., &c Third Edition. Cr. 8vo, 7j. td, d. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. CK Second Eclition, with 5 Plates. Royal 8vo, 5^. cloth. 

"The student cannot find a better book on thb subject thanMr.Sheilds'.'*— ^MSf7>w»r. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c By Peter Barlow, F.R.S. 
Revised by his Sons, P. W. and W. H. Barlow. Edited by 
W. Humber, A-M. Inst C.E. 8vo, l&r. cloth. 
" The standard treatise upon this particular subject."— ^m^mmtt. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental ReseaTches on the Strength, 
&c., of Cast Iron. By E. Hodgkinson, F.R.S. Svo, I2j. doth. 
%* Hodgkinson's Researches, separate, price 6;. 

Hydraulics. 

HYDRAULIC TABLES, COEFFICIENTS, and FORMULiK 
for finding the Dischaige of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment- Basins, Drainage, Sewerage, 
and Water Supply. By J. Neville, C.E., M.R.LA. Third 
Edition, Revised and Enlarged. Crown Svo, 14^. cloth. 
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Hydraulics. 

HYDRAULIC MANUAL, Consisting of Working Tables and 
Explanatory Text Intended a<; a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D*A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo., i6j-. cloth. 

River Engineering. 

RIVER BARS : The Causes of their Formation, and their Treat- 
ment by ' Induced Tidal Scour,* with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, 
Assis. Eng. to the Dublin Port and Docks Board. Rl. 8vo. "js, 6d. cL 

Level/znjr. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing; its Application to Purposes of Railway 
and Civil Engineering, m the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwinb's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. 6d, cloth. %* Trautwine on Curves, separate, 5/. 

Practical Tunnelling. 

PRACTICAL TUNNELLING : Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. SiMMS, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30X. cloth. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I. C.E. Second Edition. i2mo, 41. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell,M.I.C.E. Sixth Edition, Revised, with large additions, 
by D. Kinnear Clark, M. Inst. C.E. 7^. 6d^., doth. 

GaS'L ighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gashtters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 21. td. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cub c Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
Campin, C.E. Cr. 8vo, obiung, 5/. doth. 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION and WORKING. 
Embracing a Comprehensive History of the System, with an 
Exhaustive Analysis of the various modes of Traction, including 
Horse-power, Steam, Heated Water, and Compress«l Air ; a 
Description of the Varieties of Rolling Stock, and Ample Details 
of Cost and Working Expenses With 125 Wood Engravmgs 
and 13 Folding Plates. Also A Supplementary Volume: 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. By D. Kinnear Clark, M. InsL C. E,, Author of 
"Railway Machinery, " ** Railway Locomotives," &c. With 76 
Wood Engravings. 2 vols. Large Crown 8vo, 30^. cloth. 

" All interested in tramways must refer to it, as all railway eugmeers have turned 
to the author's work 'Railway \&.^K^\tiKty.***^Tke Engineer, 

" The work is based on former tramway experience, and is specially valuable in 
these days of rapid change and progress." — En^neertng. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M.A., Barrister-at-Law, Author of "The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
" Mr. Goodeve's text>book is a work of which every young engineer should pos- 
•ns himself."— ilf»»M^ youmai. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6</. 
" If steam-users would but learn thti» little book by heart, boiler explosi<ms would 
Wcomc sensations by their rarity.**— £m;^/mA Mechanic, 

Smithing and Farriery. 

THE SMITHY AND FORGE. A Rudimentary Treatise, 
including Instructions in the Farrier*s Art, and a Chapter on 
Coach-Smithing. By W. J. E. Crane. 3^. cloth. 

Mechanical Engineering. 

DETAILS OF MACHINERY: Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting- Shop, Foundry, 
and Boiler- Yard. By Francis C ampin, C.E. 3j. ta, cloth. 

Mechanical Engineering. 

MECHANICAL ENGINEERING : Comprising Metallurgy, 
Moulding, Casting, Foiling, Tools, Workshop Machinery, Maim- 
iiaLCture of the Steam Engine, &c. By F. C ampin, C.E. 3j. doth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 

^ Practical Treatise on the Strains, Designing, and Erection of 

- Works of Construction. By F. C AMPIN, C.E. i2mo, 3j.6^. cl. brds. 

Iron Bridges^ Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. ByF.CAMPiN, C.E.i2mo,3J. 
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Bridge Construction in Masonry^ Timber^ & Iron^ 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. Bjr W. Davis Haskoll, C.E. Second Editioa, with 
Uie addition of 554 Estimates, and the Practice of Setting out Woiks^ 
with 6 pages of Diagrams. Imp. 4to, 2/. f 2J. 6d, haQ'-morocco. 
" A irork of che present nature by a man of Mr. Haskell's experience, must pityre 
lavaluable. The tables of estimates considerably enhanor its value."— J^MSCWMrrmy. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Gsa Watson 
Buck, M . I. C. £. Third Edition, re visaed by his Son, J. H. Watson 
Buck, M.I.C.E. ; and wiih the addition of Description to Dia- 
ls for Facilitating the Construction of Oblique Bridges, by 
H. Barlow , M . I. C. E. Royal 8vo, i zr. doth. 
*' The standard text book for all engineers rqpardkig skew arches.**— <g»tfT>Mifr. 

lue Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rdEd. Imp. 8vo, &r.cloth. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
Lithographic Diagrams. FoUo 2IJ. half-boimd. 

Locomotive- Engine Driving. 

L0C0M0TIVE-P:NGINE driving ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M S.E. Fifth Edition. Comprising A KEY TO THE 
LOCOMOTIVE KNGINE. With Illustrations. Cr.Svo, 41.6*/. cL 
'* Mr. Reynolds has supplied a want, and has supplied it weU." — Engineer. 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown Svo, 4*. td. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michakl Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown Svo, 4J. td. cloth. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine- Drivers, By MiCHAEL 
Reynolds. Eighth Thousand. Crown Svo, 2j. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatke on 
the several Systems in Use in the United Kingdom ; their Construe* 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Large Crown Svo, 9J. doth. 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
constraction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. ArmouRi CE. 3f. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire- Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., && 
By Charles F. T. Young, C.E. Demy 8vo, i/. 4r. doth. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problemi» in Geodesy 
and Practical Astronomy. By Lirut.-Gbn. Fromk, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, idf. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3J. td, 
" Each table is printed on a small card» «rhich« being placed on the theodolite, leaves 
tbe hands free to manipulate the instrument."— ^n^Vi^^r. 

" Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Pioneer Engineering. {AtJmugum. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A. I. C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5^. cloth. 
*' A workmanlike production, and one without possession of which no man should 
start to encounter ttie duties of a pioneer engineer." — Aiherueum, 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on W ATERWO KKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy 8vo, 1/. 55-., cJ. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
By J. H. Watson Buck, M. Inst. C.E., &c. Illustrated with Fold- 
ing Plates. Royal 8vo, I2x. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form 01 arch, the rules for ordering ihc stone, and the construc- 
tion uf the templates, will be found of considerable use. We commend the book to 
tiie profeiuoii, and 10 all who have to build siimilar shafts." — Building News. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D'A. Jackson, A.-M.I.C.E. Author of "Hydraulic Manual and 

Statistics," &c. Large crown 8vo, I2j. 6</., cloth, 

" Mr. Jackson has had much and varied experience in field work and some know- 

ledg* of Dookmaking, and he has utilised both these acquirements with a very useful 

result. The volume covers the ground it occupies very thoroughly." — Ef^neering. 

*' A general text bookwas wanted, and we are able to speak with oontidenoe of 

Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 

ioinethin||r of the mathematical principles of the subject a better course than to fortifj 

his practice in the field under a competent surveyor with a study of Mr. Jackson s 

uselul manual. The field records illustrate every kind of survey, and will be found 

an essential aid to the %XyxAtxX*'^ Building Newt, 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — I. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst C.E. Second Kdition, 
Revised and Enlarged. [In the Press, 

"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which hie treats."— ^«<Zi£rr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GA<5W0RKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 51. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. HUGHSS. 4/. f>d. doth. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of '* A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, M. Inst. C.E. Second Edition, revised. With 
Illustrations. l2mo. 4^. cloth boards. 
" StudentJi should buy the book and read it, as one of the most complete and 8ati»- 
lUctoiy treatises on the combustion and economy of fuel to be had." — EngtHeer. 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
C1.ARK, M. Inst. C.E. Second Edit, revised. i2mo, 5/. cloth. 
" A book which every borouj<:h surveyor and ensineer must possess, and of ooosi* 
doable senrice to architects, builders, and property owners.*— >^»^k£^ Nrmt. 
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Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. Witb iarge additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, 
M. Inst. C.E. With Illustrations. i2mo. 31. 6<2. doth boards. 
" The student cannot foil to profit largely by adopting this as his prehminary text- 
book." — Iron and Coal Trades Review. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
maimer; Setting out Curves with the Theodolite by Tangential 
Angles and Midtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2j. cloth. 
" The book b very handy, and the author cuight tiave «ud<d that the separate cables 

of Mites and tangents to every minute will make it useful tor many other purposes, th* 

genuine traverse tables existuig all the same.'*— w4iAryur»M. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. i8mo, is. 6^. cloth. 
*' As a really handy book for reference, we know of nu work equal to it ; and the 
yraUway engineers and others employed in the measurement and calculation of earth- 
work wiU find a great amount of practical information very admirably arrantced, and 
available for general or rough estimates, as well a» for the more exact caknilatMio 
required in the eugmeers' contractor's offices." — ArtUan. 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. I2m(>, cloth, strongly bound, 4J. 
" A copy of it should be kept for reference m every drawing office." — Engitueri$t£, 
'* Indispensable for teachers of engmeering ArvcmDg.**'—M*ckatucs* MagoMmt, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE AR TS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mming 

Records, Editor of ** Ure's Dictionary of Arts." l2mo, dr. cL btls. 

" The besit small technological dictionary' in the lantiuage." — Architect. 

*' The absolute accuracy of a work ot this character can only be judiced of after 

extensive consultation, and from our examination it appears very correct and very 

complete.**— ilfinfnt^ youtnal. 
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MINING, METALLURGY, ETC. 

f— 

Metalliferous Mining. 

BRfTISH MINING. A Practical TrcaHse on the Metalliferous 
Mines and Minerals of the United Kingdom, dealing comprehen- 
sively with the Theories of Mineral Deposits, the History of 
Mine^, their Practical Working, and the Fu'ure Prospects of 
British Mining Industry. Fully Illustrated. By ROBERT Hunt, 
F.K.S., Keeper of Mining Records ; Editor of '* Ure*s Dictionary 
of Arts, Manufactures, and Mines," &c. [In preparation. 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Mkadb, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ &r. cloth. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Da vies, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. 8vo, I2J. (yt. cloth. 
** Without question, the mcist exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Journal. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Da vies, F.G.S. 
Illustrated. Second Edition, revised. 31. dd. doth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel. &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and Enlarged. Illustrated. 5^. 6t/., cloth. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Lajring out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans. &c., i2mo, \s. doth. 
**• Also, bound with Thoman's Tables. 71. 6^. (See page 20.) 
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Coal and Coal Mining. 

COAL AND COAL MINING. By Waeington W. Smyth, 

M.A., F.R.S., &c., Chief Inspector of the Mines of the Crown. 

Fifth edition, reviseid. 4J. clotb. 

"ETery portion 01 th« volume appears to have been prepared with much care, and 

as an ouume is given of every known coal-field in this and other countries, as well as 

of the twro principal methods of working, the book will doubtless interest a very 

laixe number of readers." — Mining Journal, 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell. 8vo, 15J. cloth. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans. Volume of Text. 
I2mo, y. With an Atlas of Plates, containing 235 Illustrations. 
4to, df. Together, 9^. cloth boards. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

4 

Pocket Book for Naval Architects^ Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCK By Clement Mackrow. M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., \2s, 6d., strongly bound in leather. 
*' Should be used by all who are engaged in the construction or design of vesseU." 

— Sneinter, 

*' Mr. Mackrow has compressed an e x traor din ary amount of information into this 

vueful rolumc,"—AiAenaum. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MUL-^ for MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Third Edition. Royal 32mo, leather, gilt edges, 4^. 
"A most useful contpanion to all marine engmeers."— £/nUr^ ^iewtce iroaette, 
*' Scarcely anything required by a naval engmeer appears to have been for* 
gotten." — iron, 

Grantham s Iron Ship-Building, 

ON IRON SHIP-BUILDING ; with Practical Examples and 

Details. By John Grantham, M. Inst C.E., &c. Fifth Edition. 

Imp. 4to, boards, enlarged from 24 to 40 Plates, with separate Text, 

also enlarged, clotb limp. 2/. 2s, complete. 
'* Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order ot the Board of Admi- 
ralty, (he work will form the text-book on which the examini>ti>>n in iron ship-building 
9f candidates for promotion the in dockyards will be mainly based." — Engineoring, 
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L tghi'Houses, 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Repmt of 
a Tour of Inspection made in 1873. By Major GsGRGX H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text 8to, 2Ix. doth. 

Surveying (Land and Alarine), 

LAND AND MARINE SURVEYING, in ReferenGe to tbe 
Preparation of Plans for Roads and Railways, Canals, Riven^ 
Tov<ns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, CE 
With 14 folding Plates, and numerous Woodcuts. 8vo, I2x. ttL doth. 

Storms. 

STORMS : their Nature, Classification, and Laws,- with tht 
Means of Predicting them by their Embodiments, the ClovdSi 
By William Blasius. Crown 8vo, lOf. (xL cloth boards. 

Rudimentary Navigation^ 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged editioii. 
By W. H. RossEE. i2mo, 31. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on 
Logarithms. By Henky Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astrunomy. By Professor 
J. R. Young. New Edition. i2mo, 4J. doth boards. 

Navigation {^Practically with Tables. 

PRACTICAL NAVIGATION : consisting of the SaOor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Ptofeswr 
J. R. Young. Illustrated. i2mo, 7/. strongly half-bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

Thefolhwing books in A' aval AtchUectute^ eU,^ are published in ike 

above series. 
NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems. i2mo, 2c. 6« cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. >ifteenth Edition. i2mo, 2^. ddT. doth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, jx. doth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. l2mo, 4J. doth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Eighth Edidon, Re- written by H. S. Barron, 

Assoc-Memb. Inst. C.E. \In preparation. 
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ARCHITECTURE, BUILDING, ETC. 
Coftstructian. — • — 

THE SCIENCE of BUILDING : An Elementary Tieadse cm 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, *js, 6d. cloth. 
** A very valuable book, which we strongly recommend to aH students." — BuiUer, 
'* No architectural student should be without this hand-book." — Arckt/ecf. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart,, LL,D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5^. cloth boards. 
*' A book which is always amusing and nearly always ia^^tructive. We are able 
very cordially to recommend all persons to read it for themselves. "—Timet. 

''We commend the book to the thoughtful consideration of aU who are interested 
in the buildins; 9x1.**— Builder, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
* Author of "TheSpiresand Towersof the Mediaeval Churchesoi Eng- 
land," &C. 30 Plates, 4to, half morocco, gilt edges, i/. \s, 
*«* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2J. half morocco. 

Useful Text-Book for Architects. 

THE ARCHITECTS GUIDE ; Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. B)r F. R<k;ers. Cr. 8vo, 6x. cloth. 

"As a text-book of useful in'orroation for architects, engineers, surveyors, ftc, it 
woiild be hard to find a handier or more complete little volume."— tS/aiM^ritif. 

The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. i2mo, cloth, 4r. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, is. 6</. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and StabUity, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, y. ()d, cloth. 
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Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S. A., and Edward Crbsy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M.A. (son 
of the kite G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detaiL Large folio, with 130 Plates, half-bound, 3/. ^j. 
*«* Originally published in two volumes, folio, at i8/« 181; 

Vttruvit^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, P\S.A., F.R.AS. 
Numerous Plates. i2mo, cloth limp, 5^. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt. F.S, A, 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6x., half- bound. 
*^* The only edUion of VITRUVIUS procurahU at a moderate price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
"of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, i2mo, 6f. half-bound. 

Civil Architecture. 

A TRE\TISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S. A. Revised and edited by W. 
H. Leeds. 66 PJates, 410, 21J. cloth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo^ ts. cloth. 

Plumbing'. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber, With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised and Enlarged, with above 330 illustrations. 
I2mo. 4J. cloth. ^uit published. 

yoints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. By W. J. Christy, 
Architect. With 160 Illustrations. i2mo, 3J. bd, cloth boards. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. \\s. 6d, 
*'ln this waric forty-four specifications of executed «rorks are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects."— ^KftUSrr. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Elssay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. cloth. 

*«* A volume of specifications of a practical diaracter being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface. 

Designing, Measuring , and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS* WORKS; contoining 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 9 Plates and 47 Wood- 
cuts. Originally ^ited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lotf. dd, cloth. 
*' Well fulfils the promise of its dtte-page. Mr. Tarn's additions imd revisions have 
much increased the usefulness of the work."— •^M^mrrriwf. 

Beaton! s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially appUed to Caqjenters* 
and Joiners* work. By A. C. Beaton. Second Edition. 
Waistcoat -pocket size. \s. dd, 

Beaton s Builder^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. BEATON, u, 6d. 

The House-Owner^s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it 
Cost to Build, Alter, or Repair? A Price- Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.LB.A. 
Third Edition, Revised, Crown 8vo, 3J. 6</., cloth. 
'" In two years it will repay its cost a hundred times over.** — Field, 
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Ccfftetit. 

PORTLAND CEMENT FOR USERS. By Henry Fatja, 
A.M. Inst. C.E., with Ilhistrations. Crown 8vo. 3J. 6d. cloth. 
** A utefol oompendium of results for the builder and architect." — BuUdhtg^ Utrnt, 

Builder^ s and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders* 
Materials and Labour, &c. Revised by F. T. W. Milxek, 
A.R.I.B.A. Half-bound, 4J. 



CARPENTRY, TIMBER, ETC. 

TredgolcTs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, R00&, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2j., reduced to i/. y. cloth. 
"A work whose monumental excellence must commend it wherever skilful car* 
pentry b omcemed. The Author's principles are rather confirmed than impaired by 
tiiue. The additional plates are of great intrinsic value."— ^ffi/(/«Nrf Ntws. 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 

2nd Edition. Carefully revised and corrected. i2mo, y. 6d. doth. 

*' Kverything it pretends to be : built up gradually, it leads one from a forest 10 a 

treenail, and throws in, as a makeweight, a nost of material concerning bricks, columns, 

ctstems, &C.— all that the class to whom it appeals requires.**— ^m^aM M^chtmic, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, dr. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. td. doth. 

"Invaluable labour-saving tables." — Irotumonget, 

Carriage Building, <2fc. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, ys. cloih. 
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HortofCs Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidity of hewn or eight-sided timber, 
or of any octagonal-sided column. By Richard Horton. 
Fourth Edit. With Additions, i2mo, strongly bound in leather, 5^. 

Hortofis Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, zr. leather. 

Nicholsofis Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pynb. With 74 Plates, 4to, i/. u. doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By W. Dowsing. Third Edition. Crown 8vo, y. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, beii^ a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strengtn of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, y, 6d. cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I. M.E. Crown 8vo, I2j. td, cl. 

" Mr. Bale is evidently an expert on the subject, and he has collected so muck 
information that his book is all-sufficient for buUders and others engaged in the con- 
version of timber." — Architect. 

''The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject. " — Buuding News, 

Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. (Being a Companion Volume to * * Woodworking 
Machinery.") By M. Powis Bale, M.I. M.E. With numerous 
Illustrations. Crown 8vo, lox. 6i/., cloth. \Just published, 

c 
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^ . MECHANICS, ETC. 

Turning. — • — 

LATHE-WORK : a Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Has- 
LUCK. Second Edition, thoroughly Revised, with a New Chapter 
on the Screw-cutting Lathe. Crown 8vo, 5j. \Jtt5t published. 

Turning. 

THE METAL TURNER'S HANDBOOK : A Practical Manual 
for Workers at the Foot-lathe. By Paul N. Hasluck. With 
over 100 Illustrations. Crown 8vo, u., cloth. 
%• Th* above /orms the first volume ^Husluck's Handbooks ow Handicrafts. 

Other Volumes in Reparation. 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 

&c. ; and an Extensive Table of Powers and Roots, i2mo, 5/. bound. 

" Admirably adapted to the wants of a very lar^ class. It has met with great 

•access in the engineering workshop, as we can testify ; and there are a great many 

men who, in a great measure, owe their rise in hfe to this Uttle worie. '*-^Bmldin^ Newt, 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2J. 6</. 

Smith's Tables for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &C. Selected and Arranged by Francis Smith. 
240pp. Waistcoat-pocket size, is.6d.f limp leather, \yust published. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry, and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M. I. C.E. i2mo, qj. half-bd. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in leng^ 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3J. 6df. cL 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alb AN. Translated fiom the German, with NoteSy by Dr. Polb, 
F.R.S. Plates. 8vo, idr. 6^., cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : theh- Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Editibn. . i anio , ts. cloth . 
" 1 he best treatise that has ever been published on steam \xySiKi%,**— Engineer. 
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MATHEMATICS, TABLES, ETC. 

♦ 

Metrical Units and Systems, &c. 

MODERN METROLOGY: A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
- taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of *' Aid to Survey Practice," &c. 
Large Crown 8vo, I2j. 6^. cloth. 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiei^r 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Purs Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c By Olinthus Gre- 
gory, LL.D., F.R.A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. doth. 

Mathematics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, 3^. dd. cloth. 

Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By £. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy Svo, 9^. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown Svo, 3^. 6</., cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C.E. 2nd Edit, revised and enlarged. Svo, lou. 6^. cL 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold: Annuities, Advowsons, &c, and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. F&dor Thoman. i2mo. &r. cloth. 
** Those interested in the purchase and sale of estates, and in the adjustment of 

compensatioo cases, as well as in transactions in annuities, life insurances, &c., will 

find the present editim of eminent yasva^^'--'En^^ituering. 

C 2 
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WeightSy Measures^ Moneys, &€. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS, 
Entirely New Edition, Revised and Enlarged. By W. S. B. 
WoOLHOUSE, F.R.A.S. i2mo, 2s, 6d, cloth boards. 

Ctnnpound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By F^dor Thoman, 
of the Soci^t^ Cr^t Mobilier, Paris. 3rd Edit., i2mo, 4J. 6</. cL 

Iron and Metal Trades^ Calculator, 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from 15. per cwt. to ii2j. per 
cwt., and from one farthing per lb. to u. per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Downie. 396 pp., 9J. , leather. 

Iron and Steel 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters ; 
Civil, Mechanical, and Mining Engineers ; Architects, Builders, &c. 
By Charles Hoare. Eighth Edit Oblong 32mo, df., leather. 

Comprehensive Weight Calculator, 

THE WEIGHT CALCULATOR , being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition, will afford an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henry Harben, 
Accountant. New Edition. Royal 8vo, i/. 5^., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by which 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from i|^ to 90 per cent., Tables of 
Discount from i J to 98! per cent., and Tables of Commission, &c., 
from \ to 10 per cent. By H. Harben, 8yo, l/. 51., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments, By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5j. cloth. 
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SCIENCE AND ART. 



Gold and Gold- Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its AUoys ; Solders, Enamels, &c. By George £. Gee. 
Second Edition, enlarged. i2mo, 3J. 6d. cloth. 
** The best work yet printed on its subject for a reasonable price." —yeweller. 
" Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply." — English Meckanic. 

Silver and Silver Working, 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Allojrs, &c. By G. E. Gee. i2mo, y. 6d, 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study xt,"'— English Mechanic, 

H all-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hail- 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c By 
George E. Gee. Crown 8vo, 5j. cloth. [Just published. 

Electro- Platings &c, 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 

"Any ordinarily intelligent person may become an adept in electro-deposition 
with a very iitde science indeed, and this is the book to show the yniy"— Builder. 

Electrotyping^ &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
"A guide to beginners and those who practise the old and imperfect methods." — Iron. 

Electro- Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&C. Eighth Edition, Revised, with Additional matter and 
Illustrations, including the most recent Processes. i2mo, 3J. 6d?., 
cloth. \ytist published, 

*' From this book both amateur and artisan may learn everything necessary for 
tlie successful prosecution of electroplating." — Iron. 

*' A practical treatise for the use of those who desire to work in the art of electro- 
dep osition as a business."— ^mt^/mA Mechanic, 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of ArtiBciai Dentures. Com- 

f rising also Useful Formulae, Tables, and Receipts for Gold 
late, Clasps, Solders, etc., etc. By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Crown 8vo, /j. 6</., cloth. 
" An authoritative treatise, whi<m we can strongly recommend to all students." — 
Dublin Journal of Medical Science, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro- Dynamics, Magneto- Electricity, a»l 
the Electric Telegraph. By Hglnry M. Noad, Ph.D., F.C.S. 
Fourth Eldition, with 500 Woodcuts. 8vo, i/. 4r. doth. 
" The accounts ^iven of electricity and galvanism are not only complete in a i:«fFnt^ 
sense, but, which u a rarer thing, are popular and interesting.— ZrOMcr/. 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C. E., Vice-President of the Society of Telegraph Engineexs, 
&C. With 470 Illustrations. Crown 8vo, izr. €d, cloth. 
" A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable.'* — A then., um. 

** An admirable text-book for every student — ^beginner or advanced— of electricity. " 
^Eng ineering. 

" Recommended to students as one of the best text-books on the subject that they 
can have. Mr Preece appears to have introduced ail the newest inventions in the sha^ 
of telegraphic, telephunic, and elttctric-lighting apparatus." — English Mechanic. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text- book of elec- 
ricity has grown mto an admirable handbook."— >ffVf/MMU/rr Review, 

Electric Lighting. - 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, 
and Dynamo-Electric Machines, By J. W. Urquhart, C.E., 
Author of *♦ Electroplating." Edited by F. C. Webb, M.I.C.E., 
M.S.T.E. 2nd Edition, Carefully Revised, with Large Additions 
and 128 Illustrations. Cr. 8vo, /j. (id, cloth. \jfust published, 

** The book is by far the best that we have yet met with on the subject.*' — Atheneeum. 

"An important addition to the literature of the electric light. Students of the 
subject should not fail to read it,"— Colliery Guardian, ' 

Lightning, &c, 

THE ACTION of LIGHTNING, snd the MEANS of DE- 
FENDING LIFE AND PROPKRTY FROM ITS EFFECTS. 
By Major Arthur Paknelt, RE. i2mo, /j. (>d, cloth. 
' Major Parnell has written an original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his arguments by a patient and almost exhaustive citation 
of the best writers on the subtect in the English language. "^ylM^viiPvm. 
* The work comprises all that is actually known on the subject." — Land, 
" Major Parnell's measures are based on the results of experience. A valuable 
re^rtoire of facts and principles arranged in a scientific loxm, -^Building News. 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 232 Illus- 
trations and Working Drawings, and containing 386 pages of text. 
Super-royal 8vo, 2/. I2j. (id, cloth. 

This work provides (i) a Compiets Handbook for inUnding Alkali and Sulphuric 
Acid MoHu/acturtrSt and/or those already in the field who desire to improve their 
plants or to become practically acquainted with the latest processes and developments 
o/the trade ; (a) a Handy Volume which Manufacturers can put into the hands of 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 

IX. Carbonating or Finishing — X. Sod 
Crystals — XL Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign L^^lation upott 
the Noxious Vapours Question. 



Chap. I. Choice of Site and General 
Plan of Works — II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process -V. Legis- 
lation upon the. Noxious Vapours Ques- 
tion — VI. The Hargreaves' and Jones' 
Processes — ^VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 

" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer, 

" This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accomi»nied by 
no less than 33a wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fuUy described m this manual, and 
each improvement explained. Everything which tends to introduce economy Lata 
the technical details of this trade receives the fullest attention." — Athenaum. 

'*The audior is not one of those clevor compilers who, on short notice, will ' read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade; but a notice of numerous matters which have a most important bearing 
on the buccessful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological 9axthot%,"'-~Chemical Review, 

Soapmaking, 

A HANDBOOK OF THE ART OF SOAPMAKING, in- 
eluding the Manufacture of Hard and Soft Soaps, Toilet Soaps, 
Medicated and Special Soaps, Bleaching and Purifying Oils and 
Fats, Recovery of Glycerine, &c. With a Series of Engravings. 
By Alexander Watt, Author of" Electro- Metallurgy Practically 
Considered," &c. 8vo. \In the Press ^ 

Chemical Analysis, 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In« 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy. New Edition, 
Enlarged, and to a great extent re- written, by Henry M. Noad, 
Ph. D.,F.R.S. With numerous Illustrations. Cr. 8vo, I2J.6</. cloth. 

** We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it as a guide, alike 
indispensable to the housewife as to die pharmticeutical practitioner. **— Medical Times, 

** Essential to the analysts appointed under tne new Act. The most recent results 
are given, and the work is well edited &nd carefully written." — Nature, 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ u., in a new and el^^ant cloth binding, or handscmieiy 
bound in half morocco, 3 if. 6^. 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of 'common things' which ever^ well-Mrisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappout- 
ment"— TVwref. 

" A cheap and interesting publication, alike informii^; and attractive. The psipen 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — Spectator. 

** Iht * Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir Dpmd 
Brewster in tke North British Review. 

'* Whether we consider the liberality and beauty of the illustrations, the duurm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed Iqf 
people of so many ages and classes as a valuable present." — Examiner, 

*♦* Separate books formed from the above^ suitable for Workmen* s 

Libraries^ Science Classes^ &*c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5J. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Mmuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s, 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2r. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4J. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Atquirements, the various forms of Tel^jraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is, 6d, 
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Dr. Lardnei^s Handbooks of Natural Philosophy. 

*•* The foUowing five volunust though each is Complete m itself^ and to be Pur- 
chased separately ^ /orm A CoMPLBTB Course of Natural Philosophy, and are 
intended for the general reader who eUsires to attain accurate knowledge of the 
various apartments of Physical Science ^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author^ s aim to supply Manuals such as are required tgf 
the Student y the Engineer ^ the Artisan^ and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6j. cloth. 
" The perspicuitv of the original has been retained, and chapters which had 
become obsolete, haye been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 

F.R.A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6j. cloth. 
*' The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurlang doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5J. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
\i^\xs^x9X<tA.^— Mechanics* Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, $s. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and bringing up his 

work to the present state of scientific knowledge, "^/'i^^ar Scievtce Review, 

Dr. Lardner' s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By DiONY- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In I vol., small 8vo, 
550 pages, 9^. 6d.y cloth. 
"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athenaum. 

" We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly journal 
of Science. 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8yo, 
cloth, 732 pages, 7j. (xi. 
" We have no hesitation in cordially recommending it" — Educational Timet, 
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Dr. Lardnet^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. I voL Jf. 6^/. cloth. 
** Conveys, in clear and precise terms, general notions of all the prinapal divisioof 
of Physical Science." — Bntisk Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lakdnkr« 

With 190 Illustrations. Second Edition. I voL 3^. 6d. cloth, 
"dearly written, well arranged, and excellently illustrated."— ^dwi^^knMn^drwRafJSr. 

Dr. Lardners Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardnkr. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2J. dd. cloth. 
' ' One of the most readable books extant on the £lectric Telegraph."— ^m^. Meckamic 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. Svo, is, 6iL cloth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord By 
George W. Victor le Vaux. Fcap. 8vo, 5^ . cloth. 

^ " A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God'» Works against Goa's Word. 
No real difficulty is shirked, and no sophistry is left unexposed." — The Rock, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT. By Prof. J. R. Young. 51. doth. 

Geology. 

A CLASS-BOOK OF GEOLOGY : Consisting of " Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and ** Historical Geology, '* which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. Svo, 51. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev, 
John Carr, M.A., late Fellow of Trin. ColL, Camb. i8mo, 5J. cL 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for VUitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, the Principal Schools of 
Painting. With Notes on Copyists and Imitators of each Master. 
By Philippe Daryl, B.A. Cr. Svo, .v. doth. 

"A really admirable dictionary of painters, which we cordially ra:omniend." — 
BHilderm 

** A guide to the authorship, quality, and value of a picture, and furnishes the 
fundamental knowledge necessary to amateurs." — Saturday Revirw. 
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Clocks f Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp cloth 
(No. 67, Weale*s Series), 4r. 6</.; cl. bds. 5J. dd, [Just published, 

"The best work on the subject extant. The treatise on bells is undoubtedly 
the best in the languag^e. " — Engineering. 

"The only modem treatise on clock-making." — Horologicaiy^umdL 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 
M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. l2mo, 3^. cloth boards. 

" In many respects the book b the best that has yet appeared on the subject. We 
cordially recommend it." —English Mechanic. 

"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own hands.'' — Academy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 31. dd, cloth. 

" A thoroughly scientific treatise in popular lansuage." — MortUng Advertiser, 
" We would particularly recommend teachers of the art to plare it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer, 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, DrysaJters, Brokers, &c. By J, 
W. Slater. Second Edition. Re- written and Enlarged. Crown 
8vo, 7j. 6d, cloth. 

Grammar of Colouring, 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, y. 6d, cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. I2s. 6d, bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framad 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lox. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woalwich. Sixth Edition, crown 
8vo, doth, with separate Atlas of X2 Plates, I2J. complete.] 
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Delamottis Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
nse of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Elxercise, and numerous Elxamples taken 
firom Illuminated MSS., printed in Gold and Colours. By F. Dexa- 
MOTTB, Small 4to, 9^. Elegantly bound, cloth antique. 

"The examples of ancient MSS. recommended to the student, which, with much 
l^ood sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as taste." — Athetutum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, - and 

printed in Colours. Tenth and Cheaper Edition. Royal 8vo, 

oblong, 2J. 6d, ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from ^ 
Decalogue, this book will be usefuL" — AthemBum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; mcluding German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c, &c. Collected and 
engraved by F. Delamotte, and printed in Colours. Eighth and 
Cheaper Edition. Royal 8vo, oblong, tj, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the sdphabeC 
and numerals can be iacmeA.**''^temdard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. doth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, C3rphers, Monograms, Ornamental Borders, £x:clesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is, 6d, ornamental wrapper. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs ; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."— y!(/A«»<r»Mr. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Times, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 5J. dd, doth. 
\* Tliis Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
** Contains a large amount of original matter, agreeably conveyed." — Builder, 
** Much may be learned, even by those who fancy they do not requite to be taught, 
from the carefu 1 perusal of this unpretending but comprdiensive treatise. "—^ffyMV^Tfo/ 
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AGRICULTURE, GARDENING, ETC. 
Yotiatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlai^ed, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. is, half-bound. 

" The standard and text-book, with the farmer and grazier." — Famut's MagaxifU. 

** A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers* Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock ; 
Indications of the Quality, etc By John Ewart. Cr. 8vo, 5j. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and Prevision Tradei Review. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, byR. Scott Burn. i2mo, 4J. cloth boards. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 
GREAT BRITAIN), adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains-Jackson. i8mo, 2j. 6</. cloth. 

' A clearly written description of the ordinary routine of English farm-life." — Land. 
'A carefully written text-book of Agriculture."— ^/Am<r»m. ^ \Economist. 

'A most comprehen<(ive volume, giving amass of information." — Agricultural 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. ScoTT Burn. 
Soils, Manures, and Crops — ^Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — UtiUsation of Town Sewage, Irrigation, &c. Fifth 
Edition. In i voL 1250 pp., half-bound, profusely illustrated, I2j. 
'* There is sufficient stated within the limits of this treatise to prevent a £armar 
from going far wrong in any of his operations." — Observer. 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Fanning, Farm Building, Irrigation, 
Drainage, &c. By R. Scott Burn. i2mo, 3x. doth. 
" A complete and comprehensive outline of the duties ajq^ertaining to the manage- 
ment of landed estates." — Journal aif Forestry, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organia- 
tion of Farm Labour. Treating of the General "Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. lamo, 3J. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, (The above Two Works in One Vol.) dr. 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Vain* oi 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.£. 
New Edition, royal 32mo, leather, ^t edges, elastic band, 4J. 

Ewarfs Land Improver^s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required m any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4J. 

Complete Agricultural Surveyof^s Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. dd, 
" We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned. — 
It is most useful as a manual for reference." — North 0/ Efigiand Farmtr. ' 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
lUustrations. i2mo, 3^. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Graftmg, Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Fourth 
Edition, revised. With an Introduction by George Glenny. 4j.d. 

" The book teaches how to prune and train fruit-trees to perfection." — Field, 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2s. cL 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, Jj. cloth. 
"A Tory go<xl book, and one to be highly recommended as a practical guide. 
The practicsd directions are excelleflt." — Atkerutum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce ;£^620 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2j. cloth. 
*' We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener* s Magazine, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur*s Complete Guide. By S. Wood. Cr. 8vo, 3^. dd. 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, y, 6d, cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2j. dd, cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. X2mo, 2s, 6d. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By $. Wood. Crown 8vo, 3^. (id. 

Market Gardenings Etc. 

. THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to "The Garden." Compiled by C. W. Shaw, Editor 
of ** Gardening Illustrated." X2mo, 3J. 6d. cl. bds. [yust published. 

Kitchen Gardening. ". ' 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc. By G. M. F. Glenny. i2mo, 2j. 
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*A Complete Epitome of the Laws of this Country.* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of. 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Auterities. Crown 8vo, cloth, 
price 6u. &/. (saved at every consultation). 

COMPRISING THE RIGHTS AND^RONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN'S LAW, THE LAWS OF 



Bamkruptcv — Bills op Exchangk — 
Contracts and Agrbbmknts— Copy- 
eight— Dowbr AND DivoRCB — Elec- 
tions AND RbGISTRATION — INSURANCE 

-»Libbl and Slander — Mortgages— 

Also Law for Landlord and Tenant — 

Master and Servant— Workmen and Ap- 



Sbttlbmbnts— Stock Exchange Prac- 
TicB— Trade Marks and Patents- 
Trespass, Nuisances, etc — ^Transpbk 
OP Land, etc — Warranty — Wills 
AND Agreements, etc. 
— Friendly Societies — Clergymen, Church* 
wardens — ^Medical Practiti<mers, &c. — 



prentices — Heirs, Devisees, and Lega- l Bankers — Fanners — Contractors — Stock 
teet — Husband and \^e — Executors and Share Brokers — Sportsmen and Game- 
and Trustees — Guardian and Ward — keepers — Farriers and Horse-Dealeis— 
Married Women and Infants — Partners Auctioneers, House-Agents — Innkeepers, 
and Agents — Lender and Borrower — , &c- — Pawnbrokers — Surveyors — Kail- 
Debtor and Creditor — Purchaser and ways and Carriers, &c., &c 
Vendor — Companies and Associations ' 

" No Englishman ought to be without this \)fx>\t.**—EMgifuer. 

" What it professes to be— a complete epitome of the laws of this country, thoroughly 
intelli^ble to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution." — BtlFt Life. 

" A useful and concise epitome of the law." — Law ^f^gasine. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C. NoRRis. Royal 32mo, cloth, 5^. 
" A concise book of reference, containing a clearly-arranged list of prices for 
inventories, a practical gxiide to determine the value of furniture, Scc^'-^Standard. 

A uctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lor. 6<2. cloth. 
*' Every auctioneer and valuer ought to possess a copy of this valuable work."— 
House Property. \.lr<mnun,ger 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 3rd Edit l2mo, 3^. 6</. cloth. 

'We are glad to be able to recommend it." — BuiitUr, XJust puhlisfud, 

" The advice is thoroughly practicaL"— Zow JaurmaL 

Metropolitan Rating. 

METROPOLITAN. ^RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 
&c. By Edward and A: L. Ryde. 8vo, I2j. td. 
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A aaiJCTIOa gBOK WBALB'g SEBIgS. 2«^'S ^^'V 

AGRICULTURE, GARDENINQ, &c. 1^^ ^^-f 

SOILS, MANURES, AND CROPS. By R. Scott *i®jll k^ji 

Bdbh. Woodouta. 2b. S-,-S^ Sh'V'^ 

FARMING AND FARMING ECONOMY, Notes, 5?|^ ^^J 

Historical and Fnu:tical, on. Bf R. Scott Bciui. Woodcnti. St. qrv^xS ^'^^^T! 

STOCK; CATTLE, SHEEP, AND HORSES. By &E'jlt S^Ji 

R. Scott Burn. 2i. 6d. *Jrtf»« iK-^i^; 
DAIRY, PIGS, AND POULTRY. By B. Scott ] 

BuHK. With Note* on ths Disi " " ' ^ . . 



ja of Stock. Woodcuts. 2a. V;wS «: '^.-^Ij 

UTILIZATION OF SEWAGE, IRIUGATION, AND '§0^k%^^^ 

RECLAMATION OF JVASTE LAND. By E. Scott Bubm. J^-S^O^Tf^/J 

Woodcuts. 2».6d. j^sriSw^^^ 

The about JiMt worla itt one taltimi, kandiomely half-bound, entiiUd SSliKSS^Ajt^ 

" OuTLiMH or Modern Farmujo." Price 12j. iS^ft<M'^> 

LANDED ESTATES MANAGEMENT. By R. Scott ^?'- J^*'^--?" 

Bnsn. 2i. «d. ; cloth 'boftrda, 3a. ^v' 

FARM MANAGEMENT AND THE ORGANIZA- ^' 

XlOy OF FABM LABOUB. By R. Scott Burn. 2a. 6d. '''■' 
The atovt tuo tolvmei, bound (agethir, 6i. 

SHEEP; THE HISTORY, STRUCTURE, ECO- 
NOMT. AND DISEASES OF. By W. C. Spoonbb, M.R.V.C., 
&0. Fourth EditiOD, eolareed. 3b. 6d. ; cbth boards, 4s. 

SUBURBAN FARMING. By the late ProfesBor Don- 
aldson and R. Scott Birn. Ss. 6d. ; cloth boatde, 4b. 

THE HAY AND STRAW ME ASUaER: Being New 
TahloB for Ihe Uie oF AuctioDOeis, Valuers, Farmers, Hay and 

Straw Dealeri, &c. By John Stbkli. Fourth Edition. 2b. ^^:!5i( '•^i^''^^s 

THE TREE PLANTER AND PLANT PHOPAGA- "Sl^^O'VCc 

TOR: a Practical Manual on Iha Propigation o( Forsst and ■^V^^^C.^Xg 

Fruit Treel, Shrubfl, &c By S. Wood. 2h.; cloth boards, 2a. fid. ^^"S ,Pi'^,-i 

THE TREE PRUNER: a Practical Maoaal on the SjSgcsM:?! 

PruningofFni;tTreea,ShrubH,4o. By Bauubl WoOD. l2mo., :3S?X'lS^^t 

2b. ; cloth boardB. is. fid. ;^l3iV- "f^ 

FRUIT r7?£'ESrTTe"BcTentific''anTprofitable Calture ^^o^fS^'^ 

of. From the French of Df Bheuii,, reviaed by Gbo. Glhnnt. i^3f!EW':T^'¥"'>- 

187 Woodcuts. 3b. 6d.; cloth boardn, 4h. jA; 

THE ART OF GRAFTING AND BUDDING, By C^ 

ChabLBS BaLTBT. With IlluatrationB. 2a. fid. ; cloth boards, 3fl. &£ 

THE KITCHEN AND MARKET GARDEN. Rv B> 

Contributors to '• The Gardt 

of " Gardening Illustrated. 
KITCHEN GARDENIN 

Obobob M. F. Qlenhy. Is. 6i 

COTTAGE GARDENING; or. Flowers, Fruits, and iJt^ 

VegetableB for Small Gardcaa, By E. Hqbdat. Is. 6d- ^■^H 

GARDEN RECEIPTS. Edited byC. W. Qnra. la.Gd. M^K 

OBO&BT LOOXVOOD * CO., 7, STATIONEaS' HALL COVET, E.0, ~^ * 
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MARKET GARDEN. By fe^YW ^fv^ 

D." CompilBdbyCW.SuAW.Editor l^g^le 1*?CV 
' 3a. ; cloth boardB, 3a. 6d. f^^k a'-^L 

'NG MADE EASY. By MSJJ ^W» 



|$~«L A aSLECnOB gBOM WEAIS'8 8EaiB8. 

•K^t'S MISCELLANEOUS VOLUMES. 

^::^S ^ DICTIONARY OF TERMS used in AROHITi 
■"K^.-Tui TURE, BUILDING, ENQINEESINO, MINING, META 
LUROT, A&CE^OLOQT, t&, FINE ASTS^. By J. Wbai! 
Fifth Edition. By Bobbbt Hcmt, F.G.8. Ss. limp ; 6s. boardi 
1 THE LAW OF CONTACTS FOR WORK^ ANi 
BESnCES. By Datid Gibbons. Third EditioD, revised abd 
conaiderablj enlarged. 3s.-, cloth boards, 8s. 6d. 
I MANUAL OF DOMESTIC MEDiffJNE. By B. 
OooDiNib B.A., M.D. - Intended bs a FamiTy Ouidun ail Cases 
of Accident and Emergency. 2s.; clottkboards, 2s. Gd. 

; MANAGEMENT OF HEALTH. A Mannal of Home 
' and Fersanfil Hygiene. By the Rev. Jamxs Baibd, B.A. Is. 

*;^T*i THE HOUSE MANAGER : being a Guide to Honao- 
^^jpo^Sy^ keeping: Practical Cookery, Household 'Work, Dairy Manago- 
^'i^ C«c ment, the Table and Dees^ Cellarage of Wioee, the Boudoii 
>K ¥tc2, ^'"^ DreBainK-room, Stable Economy, Gaidening OpeiationB, &o. 







y An Old HotiBBiEEi'ER. 3a. 6d.; cloth boacda, 

gy^'jt^' HOUSE BOOK (Th»). Comprising :— I. The Houhk Kj3 

Sh'if '^ Uamaoeb. By An Oui Eodbbkbefbk. II. Dohesiio Mbdigihb. ^^^ 

^ w5.^ ^7 Ralfb GooDiNO, M.D. III. Hanaoemgni of Health. 7V>^ 

■V^Tff ^^ Jamxb Baibd. In One Vol., strongly half-boond. 6s. ^» 

^^M FINE ARTS. ^ 

3^'^J!^ ELEMENTARY DECORATION: A Qnide to the *^-^ 

t* rtt^e* Simpler Ponns of Eveiyday Art, as applied to the Interior and r* |j 

'VJ^Jfi "Exterior Decoration of Dwelling Houses. &c. By J. W. Fagbt, ^A 
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^^^'r* from DesigQa by the Author. 2a. Jti-\ 
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" *'V'V£ Designer. By Ellis A. Datidsos. 3a. ; cloth boards, 3s. 6d. 5,*^ 

J^^li POINTING POPULARLY EXPLAINED, including ^3 
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5,*^jii^ Enamel, Glass, &c. By T. J. Qitllice, assisted by J. Tihbh, ^^ 

SV'^'^'t F.8.A. Fourth Edition, enlarged. 5b. ; cloth boards, Ss. 6d. ^[S 

;^«^f> PERSPECTIVE FOR BEGINNERS: adapted to ^S? 
J^''^"'-r ^Dung Students and Amateurs in Architecture, Painting, &o. '^ 

U, •'•':'' '■'■'- By 6, PrME. Woodcuts. 2s. 

^-SJ^-?; GLASS STAINING, AND THE ART OF PAINTING 

■^^t^-& ON GLASS. From the German of Dr. GBflSKKT and Emahdi 
+v!3"^' ^'^° Frombero. With an Appendix on EnahbllihO. 2s. « 

^^i4 MUSIC, A Rudimentary and Practical Treatise on. By Sj 

^XC^ CCSpbhcer. 2s. 6d. R"- 
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